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Abstract 
The purpose of this study was to investigate the extent to 
which a sophisticated CAI/CAL system could be implemented on 
a typical microcomputer system currently found in the 
schools. A method for comparing CAL languages was devised 
and used to rank five common CAL languages. NATAL, Canada's 
national authoring language, was found to have the highest 
rank and so was used as the basis for the design of a 
microcomputer based CAL system. 

The new system, named CASTLE (Computer-Assisted Student 
Tutorial Learning Environment), was primarily designed for 
trained CAL authors and researchers, but has features that 
could assist the beginning author in creating CAL lessons 
and courses. The design specifications for the CASTLE 
Language and the CASTLE Support System were defined. 

A subset of the CASTLE Language and Suppor t System was 
developed on a Commodore CBM 8096 microcomputer system. The 
CASTLE system software was written in COMAL-80. Techniques 
of incremental compilation in an interactive and 
interrogative environment were used. The completed system 
was evaluated and recommendations made for further research 


and development. 
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bs \introduction 

In 1981, the debate over whether or not 

microcomputers will substantially impact education 

has all but vanished. Tens of thousands of micros 

have made their way into the schools, and 

discussions have at last turned to the planning 

needs ... the preparation of software and courseware 

(software which teaches) for use with 

microcomputers. (Roblyer, 1981, p. 47) 
With this influx of microcomputers into the schools there 
has been a resurgence of interest among teachers and school 
administrators in computer-assisted instruction (CAI). Most 
have been scanning the market place for good courseware for 
use with their students. Many have expressed an interest in 
writing their own CAI programs. Unfortunately good 
courseware for microcomputers is rare and specialized CAI 


software systems almost non-existent or of limited 


sophistication. 


A. The Development of a Microcomputer Based CAI System 

The only CAI language widely supported on todays 
microcomputers is PILOT. It is relatively easy to learn and 
use, but does not support modern structured programming 
techniques, built-in performance recording or student 
restart points, and has only one type of answer analysis. 
Various courseware development systems designed for use by 
inexperienced authors have appeared on the market. Many of 
these are useful for implementing simplistic CAI but they 
lack many of the features considered ‘standard’ on 
main-frame CAI systems. Even the expensive PASS system 


developed by Bell & Howell, though having many fine 
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features, lacks expansibility, locking the experienced 
author into set instructional strategies. 

The purpose of this thesis is to investigate the extent 
to which a sophisticated CAI system can be implemented on a 
typical microcomputer system currently found in the schools. 
This system should have features useful to researchers in 
CAI. These might include flexible specification by the 
author of the information to be included in performance 
records; and author developed response comparison functions, 
input edit functions, and general functions. 

CAI has been around for more than twenty years. This 
experience provides a large body of Knowledge and research 
upon which to build CAI systems and courseware not only for 
the microcomputers presently in the field, but for the more 


powerful ones now being developed. 


B. The Evolution of CAI 


Two Courseware Philosophies 

Roblyer (1981) suggests that two courseware 
philosophies have evolved during the last two decades of CAI 
development. One is called the "PLATO model" after the PLATO 
CAI project’at the University of Illinois, and the other, 
the "Stanford/CCC model" after the work of Suppes which 
began at Stanford University and was later marketed by the 


Computer Curriculum Corporation (CCC). The "PLATO model" is 
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primarily used for mainline instruction where the computer 
supplies “highly-interactive ‘conversational’ tutorials 
which simulate the presentation of an excellent classroom 
teacher." (Roblyer, 1981, p. 48) On the other hand, the 
"Stanford/CCC model" presents drills in basic skills in 
brief daily sequences "intended to supplement and reinforce 


what has been previously taught in the classroom." (p. 48) 


Roblyer outlines three areas where the two models 
differ: 


the Learner contreak. iinstructional activities tin 
most PLATO materials usually emphasize student 
ability to structure his or her own lesson path 
by using a menu (index), on-line glossary or 
other "Help" resource, remedial feedback and 
loops, and control of frame movement, both 
forward and back. Many materials based on the 
Stanford/CCC model, on the other hand, consist 
of highly-machine-controlled drill exercises, 
with most other learning activities off-line. 


2. Feedback. Many intricate answer- judging features 
and capabilities were built into the PLATO 
author-language, to allow feedback tailored to 
several different Kinds of student answers. 
Positive reinforcement for correct answers is 
usually given, either in the form of verbal 
feedback ("Good work, Morley"), or an animated 
creature of some Kind. If the answer is wrong, 
explanation is supplied matched to the type of 
response (e.g., misspelling, concept error, or 
unexpected response). Many Stanford/CCC 
materials have no response at all to the student 
if the answer is correct, and often only a "No, 
try again,” if the answer is wrong the first 
time. 


3. Graphics and animation. Again, the emphasis 
placed on these features may be seen in the 
number of tools and commands in the PLATO author 
language for developing graphic displays. Most 
PLATO lessons contain animated creatures or 
diagrams of some kind. However, few graphics 
appear in the CCC materials. (p. 48) 


PLATO authors could write courseware that conformed to the 
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Stanford/CCC model, but they rarely do, tending instead to 
utilize the richness of the facilities offered by the PLATO 
environment. Roblyer concludes from examination of research 
with these two models that both are very effective. The 


genesis of these models goes back more than two decades. 


The Early Years 

Burns and Bozeman (1981) have outlined some of the 
events of the early years of CAI development. 

The dawn of CAI was in the late fifties when the 
computer industry began exploring its use for training their 
own personnel. IBM took the lead, with DEC, CDC, and 
Hewlett-Packard soon following. The early sixties saw many 
universities begining research and development projects in 
CAI. Educational CAI, stimulated by U.S. federal funds, was 
a natural combination of the emerging computer technology 
and the programmed instruction movement. 

One of the earliest university projects was the 
Stanford project at the Institute for Mathematical Studies 
in the Social Sciences. It was led by Patrick Suppes. Among 
the first to venture into the puplic schools with CAI, by 
1963 they had developed a small tutorial system in 
elementary mathematics and language arts. Their second 
system concentrated on the drill and practice mode of CAI. 
During 1967/68 they were providing 3000 students with daily 


lessons in initial reading, mathematics, and spelling. 
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In 1967, the Stanford group founded the Computer 
Curriculum Corporation (CCC) as a commercial outlet for 
their research. Their courseware was implemented on a Data 
General mini-computer in machine language, and presented on 
up to 96 simple CRT terminals. (Hallworth and Brebner, 1980, 
p. 45) Drills in mathematics, reading, and language arts 
intended for basic skill development and maintenance were 
provided for levels K to adult. They were particularly 
successful with the culturally and academically 
disadvantaged. 

The PLATO (Programmed Logic for Automatic Teaching 
Operations) project began in 1960 in the Coordinated Science 
Laboratory at the University of Illinois. After a seven year 
developmental phase, during which over 300 programs were 
written, the University founded the Computer-Based 
Educational Research Laboratory. Here the PLATO III and, in 
the seventies, the PLATO IV systems were developed. 

In 1967, the Waterford, Michigan School District 
commenced their INDICOM project that saw the development of 
teacher-authored CAI courseware in eleven content areas for 
grades K to 12. "A system approach to curriculum creation 
accommodated behavioral objectives specifications, 
instructional sequencing, and procedures for evaluating 
model effectiveness." (Burns & Bozeman, 1981, p. 33) 

The National Science Foundation funded research 
projects in the late sixties to investigate what, besides 


drill and practice, could best take advantage of the 
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computer in the educational environment. Two of these 
projects, the Huntington Project at the State University of 
New York and Project SOLO at the University of Pittsburgh, 
examined the simulation, games, and problem solving modes of 


CAI. (Freiberger, 1981) 


The Active Seventies 

The history of CAI in the seventies has been discussed 
in some detail by Hallworth and Brebner (1980). 

One of the most active CAI systems during the seventies 
was the IBM 1500 system. At one time it was in use by 
twenty-five centers. The system, along with the Coursewriter 
II CAI language, was developed by IBM in the mid-sixties 
with the assistance of Suppes’ group at Stanford University. 
It supported up to thirty-two multi-media terminals. The 
1500 System Users Group shared courseware and user developed 
system enhancements such as powerful answer analysis 
functions and graphics construction sub-systems. 

Typical of the 1500 users of that period was the CAI 
group ‘of ‘the: Division of Educational Research»Services at 
the University of Alberta. They operated a 1500 system from 
1968 until its withdrawal from service by IBM in April 1980. 
Full tutorial courses in such areas as medicine, statistics, 
and CAI authoring were developed during this period as wel] 
as support programs for course documentation and student 
performance analysis. 


During the last five years of operation of this 
computer system, approximately 26,000 student-hours 
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of instruction per year were offered, mainly through 
courses which formed the primary source of 
instruction for the student. Some courses averaged 
70-80 hours to complete by the average student. 


Of course, the IBM 1500 system had a number of 
hardware disadvantages as well as cost disadvantages 

[It] had no adequate remote capability and all 
terminals had to be within about 1000 feet of the 
central facility. The response time to 22 terminals 
could be degraded by poor programming practices, and 
mainframe and disk memory was limited. Nevertheless, 
the software system as it was designed and enhanced 
by the Divisiom for the {support ef instruction, for 
its time was superb, and can only be currently 
matched by the far more expensive PLATO system. 
(Hunka, 1981) 


Also during the seventies, the PLATO IV system 
continued to evolve and expand. It was commercially marketed 
by Controle Dat ae Corporationvya CDG) .aPLATOed Vr cansupporit 
several hundred terminals at remote locations. Some may be 
multi-media terminals. Its relatively facile authoring 
language, TUTOR, has been used to produce a very large base 
of CAI lessons. The University of Illinois system now 
services over 4000 students per semester. (Burns & Bozeman, 
1981) 

Among the general conclusions which can be drawn 
from observing the PLATO project in operation, both 
in schools and at the central site, the one which 
stands out is that this is a very active project, 
strong in research and with many creative CAI 
authors who are producing excellent courseware in 
many subject areas at all levels. (Hallworth & 
Brebner, 1980, p. 28) 

Other systems of note during the seventies was that 
produced at the Ontario Institute for Studies in Education 
(OISE) and the TICCIT (Time-shared, Interactive, Computer 


Controlled Information Television) system created by the 


MITRE Corporation. OISE developed their own authoring 
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language, CAN, and produced courseware in remedial 
mathemaics that is used by many community colleges. TICCIT 
was one of the first systems to explore the use of colour 
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The Effectiveness of CAI 

Forman (1981), after doing an extensive survey of the 
literature, draws the following generalized conclusions 
regarding the effectiveness of CAI in the learning process: 

1. The use of CAI either improved learning or 
showed no difference when compared to 
traditional classroom approaches. 

2. The effect on achievement occurred regardless of 
the type of CAI used, the type of computer 
system, the age range of the students, or the 
type of instrument used to make the 
measurements. 

3. When CAI and traditional instruction are 
compared, equal or better achievement using CAI 
is obtained in less time. 

4. Students have a positive attitude towards CAI, 
frequently accompanied by increased motivation, 
attention span, and attendance in courses. 

(po. 46) 

As Hallworth and Brebner (1980, p. 102) point out, 
these established CAI projects made use of a technology that 
was often more than ten years old. Schools, for the most 
part, have been reluctant to establish CAI projects because 
of the highwinitiali,cost.of the hardware-required. However, 


the new micro technology has reduced costs tremendously. 


+ tet “eawniton ilo. 


; WOOS +6 bau. on Brat gs) wate 


See oa - 


ee noe, wet toe 
ant ‘hk | ad sib 


pan ; vs 
) 


ad? Fo. Vavae sviatelae Oe ahtus sa th vagh 
ana eis ones bast t BBE iF etj pak SAY parse 
| s2eeao%0 py aes yh ‘Ha i x Y 4S. ea aad 
te on tties! bavargnt Bee reth a tae BBs! a 
Of DS ASGnioo" hot! ope th, OT De Warts 

| : Palate: olateluty ey q iS 

jo aasibaspe barqWase’ trerevahcag ool eats ‘at 

ae fo" Fr eg). eet BSG, £45 ee Saye) Sri 


ent 4G elasbuta sii} Do) sptette 
’ 9. SBM ay" Ossir Of¥ 


Le cir hau hill Me oS ach act 1 
— ante ay ort 


LAS: abashet: Pon iPe- évitiead a ATP 
Mort ey hed es ebenani ed bal naqmar “a 3 ate f 
28S nr: nipcia hiss 3%. bag WOR, tia 


; | Ot 
Aue pare ; sel) mee bing er ion ie oe o 
Fats ¥B9 | cnet #1 pa? Sbem =f apes ms Bret basset’ 
seam eet? aro iefodse ile Jagoy. nes. Aa S76 rete ea 
aebeped afustorty nig: abiaetes ot Ietouts. cead: ear ; an 
 SvaWoH bariupen ‘seer any do. dpeo) lait high ‘oinety 

a “yf atistinement a1z00 bsoubas. ast Ngo! ondoa? catin sae 


| 

i = : 

= - es 
j 


178 


C. The Microcomputer Revolution 

Mankind has witnessed the extrordinary growth and 
development of the computer industry since the Second World 
War. The ENIAC computer of 1946 took up 15000! sq. ft. of 
space, contained 18,000 vacuum tubes, cost several million 
dollars, and Kept a horde of technicians busy just to 
maintain its use for ten minutes a day. Todays microcomputer 
takes about two square feet of space, costs about a thousand 
dollars, requires little maintenance, and has far more 
computational power. (Johnson, 1981) 

These changes were the result of various stages of 
development within the electronic industry. The first 
generation of computers was based on the technology of the 
vacuum tube. Succeeding generations were based on the 
transistor, the integrated circuit, and now the large scale 
integrated (LSI) circuit or silicon chip. Each generation 
brought computers that were faster, had greater capacity and 
power, were more reliable, and were less expensive. Johnson 
(1981) cites a recent computer company’s advertisement which 
states that if the auto industry had progressed at the same 
rate as the computer industry over the last thirty years, a 
Rolls Royce would cost $2.50 and would get 2,000,000 miles 
per gallon. 

A computer has, of course, many components: fast access 


memory, slower access large scale memory, input/output 


 Johison actua him statessto00vsa. hia bubstihiswis 
obviously too smal]. Rice (1976) gives 15000 sq. ft., which 
is more likely. 
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controls, input/output devices, and a central processing 
unit (CPU). The CPU itself has many complex components. 
ENT Ebony | 969%was the firsteto .putvatCPWinon asingle.silicon 
chip. This was the birth of the microprocessor. This first 
microprocessor was slow and had only a four bit word length. 
It was soon succeeded by the INTEL 8080 eight-bit 
microprocessor which was much faster and more reliable. 
Other chip manufacturers quickly had their own 
microprocessors on the market, supported by new memory and 
input/output control chips. 

Hallworth and Brebner (1980) described the next stages 
of the revolution: 


The availability of silicon chips is a 
necessary but not sufficient condition for the 
development of a microcomputer. ... The appropriate 
chips must be assembled, generally on boards, and 

‘ interfaced to supply all the necessary hardware 
functions of the microcomputer; and a power supply 
must be added. The whole must then be provided with 
a software system, for which it is also necessary to 
provide terminal handlers, and preferably at least 
one high level language. 


The development time required to produce such a 
microcomputer meant that the first did not appear 
until January 1975. This was the Altair 8800, which 
was produced in kit form. During 1975 and 1976 most 
microcomputers were sold in this form, as hobby 
computers, intended for people having some prior 
knowledge of engineering and computing. Such 
microcomputers were obviously not appropriate for 
most educators. 


However, in April 1977 Commodore announced the 
PET 2001 microcomputer, a fully operational turnkey 
package, designed not for the hobbyist but for the 
general consumer. This represented a dramatic 
change: it was the first microcomputer that had 
immediate appeal to the educator. Within a year, 
PET’ s had been purchased by a large number of 
schools iin thes ’ss. (pp. Strt= 12) 
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Each year more models have appeared on the market with 
an ever expanding list of support peripheral devices: such 
as floppy disk units, printers, light pens, graphics 
tablets, and speech synthesizers. And each year thousands of 
more microcomputers have found their way into the schools of 


the industrialized world. 


D. The Wide Spread Use of Computers in Education 

Forman (1981), citing the 1980 survey by Chambers and 
Bork of a selected sample of 974 U.S. school districs, 
found: 

Approximately 90% of all school districts responding 

are now using the computer in support of the 

instructional process. Most computers are leased or 

owned by districts and large computers are more in 

evidence than are micros and minis which the study 

found to be equal in popularity. It was also found 

that the most popular applications in order of usage 

are the teaching of computer languages, computer 

assisted learning, data processing applications, 

using the computer as an instructional aid, and 

using it for guidance and counselling applications. 

(pa 64) 
From this same report there was noticed a dramatic increase 
in the percentage of districts making use of computers 
directly in instruction: 13% in 1970 to 74% in 1980 with 54% 
as CAI/CAL. 94% of the reporting districts expect to be 
using computers by 1985 with 87% in direct instruction and 
74% as. CAL/CAL. 

Klassen and Solid (1981) reported on a March 1981 
survey by the U.S. Department of Education, National Center 
for Educational Satistics entitled Student Use of Computers 


in Schools. - lt =found that in about. half of the schoo 
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districts of the U.S. students had access to microcomputers 
or computer terminals. There were over 31,000 microcomputers 
in the schools and almost 21,000 terminals. 

The most widely used CAI systems have been those based 
on PLATO and those of the Computer Curriculum Corporation 
(CCC). Hallworth and Brebner (1980) report that in 1980 
there were nine PLATO systems in existence, all but the one 
at the University of Illinois built by Control Data 
Corporation (CDC). There are systems at the Universities of 
Florida, Deleware, Alberta, and Quebec; as well as two in 
CDC’ s main offices in Minneapolis and one each in Europe and 
South Africa. Over i100 colleges, universities, medica | 
facilities and schools, public schools, government agencies, 
and businesses in both Canada and the U.S. access the more 
than 6000 hours of student-tested instruction in over 100 
subjects on the PLATO IV systems. (Menashian, 1981) — 

"CCC has provided the major portion of all CAI which 
has been used in schools on a regular basis." (Hallworth & 
Brebner, 1980, p. 46) One-third of the installations are in 
Texas with other systems in California, Seattle, 
Mississippi, New York, Illinois, New Mexico, Pennsylvania, 
and Arizona. 

In 1973 the Minnesota Educational Computer Consortium 
(MECC) was formed by the University of Minnesota, the States 
University System, the Community College System and the 
State Departments of Education and Administration. Hallworth 


and ‘Brebner (1980, p. 76) report that MECC’ s division of 
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Instructional Services manages and operates a state-wide 
time-sharing computer network that supports approximately 
2000 mostly simple Teletype terminals. 

Applications on the network range from simple drill 

programs for skill improvement to complex 

simulations of historical events and guidance 

systems. In all, over 950 instructional programs 

have been implemented or developed and are available 

to all users of the network to supplement curricula 

at elementary, secondary and college levels. (p. 77) 
As more and more microcomputers came on the market, MECC 
sponsored a project which evaluated fifteen of the then 
current models. The result was a volume purchase agreement 
with Apple Computers that has seen more than 1000 Apple I! 
microcomputers enter the schools there. The educational 
programs developed for the Apple II by MECC have been 
purchased and used by schools across North America. 

The Mintstry of Education of "the Province of «British 
Columbia has been operating a pilot project on the use of 
microcomputers in the schools. It is based on the MECC 
model. Initially fifty of the provinces seventy-five school 
districts submitted proposals to the project. Of these, 
twelve were selected and 100 Apple II microcomputers were 
distributed to the schools during the summer of 1980. 
Teachers on the project were given their initial training on 
these computers at special summer courses at the 
Universities of Victoria and British Columbia. 

The mid-project formative evaluation indicated that 


"the single most critical issue in the use of microcomputers 


in the schools of B.C. was the acquisition, development, and 
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sharing of quality CAI materials relevant to the B.C. 
curriculum." (Forman, 1981, p. 16) The subjective findings 
of thewfina.). report. showed that. “al]’ of the [12] 
coordinators and the majority of the teachers ranked CAI as 
the most important use of the microcomputer, with courseware 
development ranking second." (p. 29) 

Lindsay, Marini, and Lancaster (1980) reported that The 
Department of Special Education of The Ontario Institute for 
Studies in Education carried out a survey of the School 
Boards of that province in May of 1980 to determine the 
frequency and the nature of their microcomputer 
applications. Ninety-five of the 182 boards surveyed 
responded to the questionnaire sent. They represented 84.5% 
of the total school population. 

Over 50% of the responding boards, indicated 

that they currently had at least one microcomputer 

in use. For these boards, the average number of 

microcomputers was 13.6, the median 7, the range 1 

to 79. In total, 652 micros were reported to be in 

use in Ontario schools, 624 of these were designated 

exclusively for instruction. These 624 computers 

were distributed across a total of 157 different 

appli cate orrsetitipe ! 2A) 
65.8% of these micros were Commodore PET’s, 16.8% were 
TRS-80’s, and 5.8% were Apple II's. 91% of the applications 
had been in use for only one year or less. Almost 61% of all 
micros were used in grades 10 to 13, and 51% were being used 
for teaching computer programming. The following types of 
programs were reported in use: 


Introduction of New Material ... 38.3% 
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Petruk (1981) reported the findings of a survey 
conducted for Alberta Education in the fall of 1980: 


The results showed that nearly 12% of Alberta 
schools now have one or more microcomputer. The 
majority of the units are Commodore PET (45%), Apple 
Il (31%) and Radio Shack TRS 80 (19%). They appear 
to be uniformly distributed across all grade levels. 
The most frequently reported uses of the 
microcomputer involved the teaching of computer 
literacy and computer assisted instruction. 


While a relatively small number of schools 
reported that they had no interest in introducing 
microcomputers into their school, the majority of 


schools that do not now have a microcomputer are 
anticipating getting one or more in the future. 


(ps ats) 


The use of microcomputers for computer assisted 
instruction, as mentioned in the above quotation, may need 
clarification. It usually implies the use of courseware 
written inBASIC, such as drilhsis.games.,. orxsimulat ions: of 
an educational nature; but does not imply a supporting CAI 


system of student records or the recording and analysis of 


student performance. Many writers are now referring to this 


formof GAL, as: “simp histic GAR fand contrast irteto advanced 


CAI systems such as PLATO. 

In October 1981 the Minister of Education for the 
Province of Alberta announced the bulk purchase by his 
department for resale to the schools of 1000 of the Bell & 


Howell version of the Apple II with disk drives, printer, 
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and colour monitor. He understood that there were about 1000 
microcomputers in the schools of Alberta and hoped that this 
number would triple over the following eighteen months. 
(King, 1981) 

Wise (1981) reported that market research firms project 
that the annual sales of microcomputers to educational 
institutions in North America will be greater than 250,000 


by 1985 ¢ 


E. Issues Blocking CAI in Schools 

Forman (1981), after reviewing the literature, lists 
the following as "factors which researchers have identified 
as being impediments to the exploration of the full 
potential of the computer in education: " 


1. Insufficient funding from the appropriate 
sources to support the original purchase of 
hardware, software, courseware, and to establish 
the necessary support services for the 
successful integration of the technology into 
the education system. (Chambers & Bork, 1980; 
Kearsley, 1976; Luehrmann, 1980; Moursund, 1979; 
Splittgerber, 1979) 


2ntoThesprimitive staterofethe tartmin which there jis 
a confusing diversity of languages and hardware 
systems. (Chambers & Sprecher, 1980; Kearsley, 
1976) 


3. CAI materials that are poorly constructed, 
largely undocumented, and able to run on only 
the equipment for which they were written. 
(Chambers & Sprecher, 1980; Kearsley, 1976) 


4. Lack of Knowledge among educators as to how to 
effectively use CAI materials and the computer 
in the learning situation, particularly at the 
moment when limited financial resources restrict 
the number of systems available per classroom. 
(Chambers & Sprecher, 1980; Kearsley, 1976; 
Moursund, 1979) 
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9. The attitude among teachers, familiar with and 
comfortable using tried and tested methods, that 
the computer is not a tool but an intelligent 
machine destined to replace them as teachers. 
(Chambers & Sprecher, 1980; Clement, 1981; 
Kearsley, 1976; Splittgerber, 1979; Travers, 

1981) 
(p.--60) 

Also, producing good courseware is a difficult and 
lengthy task. Gleason (1981) cited by Forman (1981) states: 

It involves careful specification of objectives, 

selection of programming strategies, detailed 

analysis of content structure and sequence, 

development of pretests and posttests, preliminary 

drafts, revisions, trials, validation, and 

documentation. This is a very time-consuming and 
expensive process, well beyond the capacity and 
resources of individuals and even small groups of 

teachers. (p. 69) 

Even with the extensive author tools provided by the PLATO 
IV system, "inexperienced authors require an average of 237 
hours to produce each hour of student material while the 
rate falls to an average of 26.4 hours for those with 
experience." (Hallworth & Brebner, 1981, p. 18) 

Hardware costs of main-frame CAI computer systems have 
often been cited as a factor retarding the introduction of 
CAI into the schools. For example the net monthly fee 
charged by IBM to the Division of Educational Research 
Services at the University of Alberta in 1979/80 to rent and 
maintain an IBM 1500 CAI system with seventeen multi-media 
terminals was $14,176.23. That would be $833.90 per station 
per month. 

During the period 1980 to 1982 the University of 
Alberta installed a CDC PLATO IV system with eighty 


terminals. The total hardware cost for this system was 


vt 


bas itiw weiltqst.2 nofoieient OMS: 
ten? .ebolian betas! bris | Ger ie mame 
Yr? | Todert né Tuc. (G01 Same 
ansrioes! sa meant soshas 
(aot .Feemeto: Oae: | 
‘g4ever! 1e¥el -sxadisotd 


— aig : 


ons tlunfdtih 6 et SXsweetunc ‘boeg Bhinubesq were 
-2otete (PG8)) memao? vd Balro 1} aah) noe set) Sis 


36VitSeL.do to dohtab! | 1 :SQe—heaeEs aoe) owned yh 
hel sé a Sippel is a ie A Fo iDt 1a Se 

one Aalto Fo cine . 

PIantar atd .i< ies} heoq b6. eltepi@ en +6, sti vou 

betes moe Bot bsSy Cee Sal szaate 7a, os 

brs Oni muweroo-arir? VIsv iB ar TSR) enti | 


Ons. ViTosnass seni ofoyte [I pin ies ONO art ip _ 
Yo. equotp. lise neyo bee Sl iauhieron Bp aay V  i7 
7 ‘ tt 7 A 

eo a? .anetoned) ae 


- 
= j 


+ 

GTAI9 S49 wel bebivont 2ico] c6oNtVACSaV bens ive, Sing atta p 
7 £ 

~ a “ : 7 4 ‘4 la iN \ - . 
OS, To Sob7Sve ns S7frupSs) eindsjus Heater een ne teye a 
an: 3) (Aw |arasijem. Insbute + ‘OM Agse atu wy 


Ajiw Sears ot. gtue 4.99 to) sabisvs Accel atied 
4 Ao +! ; I 
hhh 2) LBS! + 19ndadt A Adaewh behli! "ened ae 
| sap * 
Sven amajeye MSlugTos Fil ane) “Al sth to.etaog = TAP EEN “4 
“an 
oD 


fe Oa) aeteo ve Srl \prTOotsi4 SC]SEY 6 Ss nati apod aa 


Pa eiiihied 200 BAi ‘sl ques oF Bl danse ait otat 18 

rlonesash eri Peo to vorePyEay eit. 4, eb ve sontednsh 

bré fhetot Ga\ete! ni afvsd!s 35 vttenavin ‘att #3 senrwiaes’ 

sthsew $4) Uni nte2hewee a) tw msiaye Bad 090 ©8: ae nietniem ; 

notiste isq 08.8282 ari Bruow’ teAT SS iD pew ssantonat, | 
Aisom weg ~ my 

a 10 aeneenl ont St ae a7 0682! betsasq edz prt mt | c ; 

Yitipia altwimeleve vi GTAAG.dda°z patent) 


pe meta 2inl ie) teco. snewkisd Peics Sat arg 19) 
® ‘ - 


ai dab 
d i) 
~ > 


$2,420,720. If amortized over a five year term the per 
terminal cost would be $504.32 per month. This does not 
include maintenance costs or the salaries of support 
personel. Multi-media terminals would cost an additional 
$5605 per terminal. Again, when amortized this would add 
another $93 per terminal per month. 

The unit cost of microcomputers is considerably lower. 
As an example, the Alberta Department of Education is 
selling to the schools the Bell & Howell version of the 
Apple II with 48K of memory, dual disk drives, a Panasonic 
colour mom tor tian anteger card js and: al:clocksforz $4255.28. 
Amortized over five years, the monthly rate would be $70.92. 

As a further example of reduced unit cost, the 
Commodore microcomputers can be linked together to form a 
small system that shares input/output devices. Commodore 
also offers a special purchase deal to educational 
institutions; purchase two microcomputers and get the third 


one free. An example nine station system would be priced as 


follows: 
9. --S/CBM <80 32amicrost (3 Hom 2lewe |) tar $13,948.20 
lee B0SOaiNby ter dueds dishr unit Ute he. 0 2,464.65 
eG 4022) tractor. feed pranters ince .thean 191290524 
1a = iBxohannesloMUPRETcS Sy Silent enh . Levee. Du DASAOO 
idewMUR ETE spooled: prantern: channel: tanguac 700.00 


The total cost would be $20,648.06 or $2294.23 per station. 
Again, if amortized over five years the monthly cost per 


station would be $38.24. It should be noted, however, that 
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these microcomputers do not have the sophisticated CAI 
systems software or courseware that comes with the 
main-frame computers. But with such low per unit costs, it 
is understandable why so many microcomputers are now 


entering schools. 


F. The Development of Computer Languages 

The earliest computers were very difficult to program. 
Instructions were entered in the binary code of the machine 
by means of panels of switches and the use of "patch cords." 
Later, each of the computer’s instructions were given 
mnemonic three character names and a computer program was 
developed for each machine that could assemble these 
instructions into the binary machine code. This was 
assembler language programming. Each computer had a 
different assembly language. However, in 1956 a new breed of 
programming languages appeared. These were called high level 
languages because they were not usually limited to use on 
one type of machine and they used natural language Key 
words. Some of these early high level languages and their 
year of introduction are: FORTRAN (1956), COBOL (1960), 
ALGOL60 (1960), and LISP (1960). Since then many other 
general purpose and specialized high level languages have 
been developed. Among the specialized languages have been 
those dedicated to computer-assisted instruction, such as 


Coursewriter, TUTOR, CAN, and NATAL. 
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As computers and their languages progressed, a class of 
computer software Known collectively as operating systems 
was also evolving. The operating system software was 
designed to take care of the general housekeeping chores of 
the computer system. It helped the programmer to use all of 
the resources supported at a particular installation. 

This same evolution of computer software and languages 
has been repeated for microcomputers over their brief 
history. The first micros were programmed in machine 
language using panel switches, then came assemblers for the 
various microprocessors, followed by the high level language 
BASLOCr IFORTRAN.) COBOL) t Paseaktee- GRWH erARle-tiandsother 
languages have now been implemented on many of the micros, 
but not, as yet, any of the more sophisticated CAI 
languages. 

Commenting on the use of microcomputers by teachers for 
the development of courseware, Hunka (1981) states: 

For the most part, the software available on 
microcomputers requires far greater understanding of 
the structure of computers than that which is 
required for effective use of a large-scale 
computer. The user of the micro must be able to take 
care of a far greater number of housekeeping tasks 
during the development and execution of program 
code. 

The implementation of instruction based upon 
those factors which we already Know enhance 
classroom instruction, cannot always be easily done 
in BASIC. BASIC was never designed to provide the 
vehicle for the development of instructional 
courseware. Many researchers in education and 
computing science are striving to develop the kind 
of programming languages which are required, and at 
least a dozen can be easily identified, including 


the NATAL and CAN languages developed in Canada. 
There are other programming languages which are 
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available on some microcomputers, these include 
FORTRAN, Pascal, FORTH, and APL. But again, although 
these languages have certain marked advantages over 
BASIC, they were not designed to be used for the 
wide range of procedures required in executing an 
instructional program. (p. 9) 


G. CAI as a Solution to Educational Problems 

In an examination of the present state of the quality 
of education, Hallworth and Brebner (1980) made the 
following assessment: 


The industrialized societies of Western Europe 
and North America have organized their educational 
systems upon allegedly homogeneous classes of 
students under the charge of one teacher. The system 

depends on the use of printed texts. Moreover, 
it has fulfilled its purpose, in ensuring universal 
education to a level needed by industrialized 
societies. 


However, these very societies are now in the 
process of entering a technological era and are 
discovering the need for higher levels of education 
in their citizens. One consequence is pressure upon 
schools, and upon teachers, to insure higher levels 
of achievement in their students. A solution is to 
provide opportunities for individualized learning. 
Most professionals in the field of education would 
now subscribe to the need for individualization, for 
open classrooms and a well structured curriculum. 


It is questionable, however, whether such 
objectives can be adequately achieved without the 
introduction of a new dimension into the 
organization of learning and instruction,, Studies 

have suggested that, with the present 
arrangements, a teacher is unable to devote more 
than one or two minutes per day of individual 
attention to each student. ... The problem with the 
present system is not that the teacher is not 
teaching; Tt is that, -for Vlacktot individual 
attention, students are not learning. 


It is suggested that a new dimension can now be 
introduced by making use of the information storage, 
processing, and distributing capabilities of 
computers. ... Appropriately used, CAI can help 
ensure that students will receive a greater degree 
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of individual attention than they receive at 
present, that they will learn more quickly and 
effectively, and that they will have a positive 
attitude towards future learning. (pp. 183-185) 

Hunka and Romaniuk (1974) and Forman (1981) have 
suggested a number of ways in which CAI can assist in 
solving some of the problems found in todays classrooms. By 
allowing students to progress at different rates and use 
different methods, by providing students with remediation or 
enrichment, and by giving students immediate feedback and 
systematic reinforcement, CAI is able to individualize 
instruction. The use of CAI facilitates flexible scheduling 
by allowing many students to take different courses at the 
same time, or to take courses outside regular hours. Courses 
are sometimes not offered for lack of qualified instructors. 
CAI could help overcome this by offering courses developed 
by qualified outside agencies. It can free teachers from 
many mundane and time-consuming tasks, and allow them to 
devote more time to the personal, human considerations of 
their students. Good CAI can provide systematically 
sequenced and carefully prepared, tested, and revised 
instruction. Finally, as has been mentioned on page 7, CAI 
has been shown to be able to motivate students of all levels 


of interest and ability, and to actively involve them in 


their learning. 
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H. The Characteristics of CAI 


In the traditional classroom a teacher presenting a 
course must consider what content to present in each lesson, 
what teaching strategies to use, and how to monitor each 
student’s progress in achieving the course objectives. These 
characteristics must also be present in a good CAI system. 

Hunka and Romaniuk (1974) have outline some of the 
characteristics of the better main-frame CAI systems: 


1. Curriculum material is stored in one of the 
memory systems of the computer. Curriculum 
material may include textual material (with 
differing character sets ...), graphic material 

.» Visual mateniial such as static pictures 
., and audio messages.... 


2. The lesson material is presented to a student 
via a computer terminal [usually on a] 
television screen ... with an associated 
keyboard, light pen [or a touch panel], a 
photographic projection device, and an audio 
play/record unit. 


3. The curriculum material is presented to the 
student following a precise instructional logic 
defined by the author of the course .... The 
instructional logic is also stored in one of the 
computer’s memory systems and is executed by the 
central processing unit. 


4. The computer presents a lesson individually to 
each student allowing him to proceed at his own 
speed and governed by the instructional logic 
designed by the course author. The course 
itself, sineterms of logre andscunmicatum 
material exists only in one place in the 
computer, although from the student's point of 
view, it appears as if his lesson is unique to 
him. In other words, the one course must contain 
all the necessary curriculum and instructional 
logic to handle all students taking the course. 
The number of courses available at any one time 
is a function of the size of the memory systems 
associated with the computer. 


5. It is necessary to have a. “time-sharing” 
computer. Each student is serviced individually, 
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but the computer attempts to do this with 
sufficient speed so that each student appears to 
have sole access to the computer. The speed with 
which the computer can reply to each individual 
student (response time) is a function of the 
number of terminals connected to the computer at 
the same time, the speed of the computer 
processing units, and the speed with which the 
computer can access the curriculum and 
instructional logic stored in its memory units 


A computing system being operated as a CAI 
system must be capable of recording all actions 
by the students as they interact with the 
course. These records are analyzed and form the 
basis of improving the course content and logic. 


The following software is required to operate a 
computer in a CAI mode: 


a. Author Software: a language in which the 
course author can create his instructional 
logic and have it present the appropriate 
curriculum material. 


b. Author Support Software: this software is 
required in order to make it easy for an 
author to create his course, e.g., to design 
different character sets, magnify character 
sets as might be required for young 
children, to easily correct and edit textual 
material for screen display, to trace 
errors, to collect and analyze performance 
records, and to obtain documentation. 


c. Operating System: A time-sharing operating 
system is required. Within this system must 
be embedded subsystems which make the 
operating environment of the system an 
instructional environment. For example, it 
is necessary to store responses of students 
as they are made in real-time, have the 
system sense whether the correct audio and 
visual materials are available, and to sense 
a defective terminal which may be located 
remotely. Subsystems must also be available 
to allow human intervention in the case of 
serious programming errors, e.g. to resbart 
a student, back him up, or move him to a 
help sequence. 


d. A Command Language: required in order that a 
programmer or author be able to enter and 
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correct his course material and computer 
code. 


Numerical Calculating: the operating system 
must allow a student access to calculations 
even from a tutorial lesson; it must be 
available directly for purposes of 
calculatings. (ppv oat>) 
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A Review of CAI Languages and Support Systems 


A. Definition of Terms 


ot 


is assumed that the reader is familiar with most 


common terms related to computer-assisted instruction. Many 


of these terms are defined within the text. However, some 


terms are used in this thesis in a distinct way and are, 


therefore, defined below. 


1. Building Blocks of CAL: Godfrey and Sterling (1982) 


suggest that the basic building blocks of CAL are rules, 


examples, and questions. Each objective of a CAL lesson 


is comprised of one or more rules. 


2eee. GAT: 


A rule is any single, testable element of the 
objective.... [and may be] a rule, a definition, 
a statement or a practice procedure.... An 
example is a single expression of any rule. It 
may include within it expressions of other rules 
in addition™to, the rule for which it is 
designated....A question may be defined as any 
single query or test situation posed by the 
computer to the learner, which depends on the 
learner’s mastery of a rule or a set of rules in 
order to provide a correct answer. (pp. 21-22) 


Computer-Assisted Instruction or Computer-Aided 


Instruction - the term used most widely in the United 


States when referring to instruction administered by a 


computer. Various modes of instruction are included 


unden? CAlcedrjdi cand: pract tcetodutorralnpsimulation, and 


gaming. In the United Kingdom the preferred term is 


Computer-Assisted Learning or Computer-Aided Learning 


(CAL). CAI and CAL are used interchangeably in Canada. 
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CAL: Computer-Assisted Learning or Computer-Aided 


Learning (see CAI) 


CAI System User Types: 


a. 


Instructors: -those in charge of providing 
instruction in specific subject matter areas; 
this may or may not include the actual developer 
(author) of the instruction. 


Proctors: - on site staff responsible for 

overseeing the interaction between student and 
machine. They support instructional activities, 
but are not themselves subject matter experts. 


Computer Operators: - those individuals who are 
responsible for the operation of the hardware 
and software of the CAL system (this might also 
involve system programmers/analysts/managers) . 


Programmers: - those individuals concerned with 
the instructional programming and probably 
responsible for making courses from other 
institutions operational. 


Authors: - those individuals who specify the 
instructional content, logic or strategies of a 
course. 


Students: - those individuals who are the target 
other instruction: 


A number of important points should be 
mentioned regarding these different types of 
users. The distinctions between the first five 
categories of users will depend upon the size 
and nature of the CAL system. In a large scale 
system (e.g., PLATO), it is likely that the 
instructor (who authors a course) will be 
different from the person who programs the 
course and also different from the proctor who 
is present when the course is used by students. 
On the other hand, in the case of a school using 
drill and practice programs (either via a local 
minicomputer or remotely located large 
computer), teachers are likely to design, write, 
and use the programs themselves. Furthermore, in 
the case of a stand-alone mini- or 
microcomputer, one person may not only be the 
instructor, proctor and programmer but also the 
computer operator too. None-the-less, these five 
categories of users are distinctive and 


2 


vS | n > a Pik 


bent d-netumsd: 10 onin eed deteleednsetdtned Jao, 
btAD. eee) qninnwell 
‘emeyT eau moreye 109 “4 


onibtved¢ to eptsrio oy saat, patoteutfenl asp: 
25078 “Salism Imeaqcue ot}! ee dls glories dod 
caofeveb feytosi eAt.eabyelact iat Yaw ered 
” Aoi io rear heey to | 9oryue) 
7 : 
70? sidbanaags 1 3te)¢ Sibe We c,lsielport 8 
bie Inahnule naewled moi los aInl en! onl eserave 


garflivrros LSemoriau ct ti baie vetT _. acre ism 
stfasoxre Natiiam fo 2 Dy) Seyeeis Fart, ots Jud 

ene ofw c(subivptrit soot - vant peebtetogn) cou 
eiewo sh off). to no ie7suo a OY ef anaroges* a 


osia PMgImM zw 
. (Sepsis 2 


At! moteve 243 arte te sipNi oe: trie se" 
ley sos erated MeLeve Sviovel 


ngiw verisanbs ei aubiyiibet sant 2ramsgord: bi a 
VI GEC0O 70 ONS DN tar oot Brees Sisrd arti ori a 
artigo most esequ0: orem WA SI df eregess | = se 

. Va eae ahariut i Terns | 


Ont Vives ofr elhauot tint eagnt! vaveniva~ 36 
© im wsetoatsihe 40 Sip! iAetlmes de pies idadeprdtn hh 


Ve > 


regs? orld ete Ow aleuhsy! orr. San) atnebute .) 
rertoriiedtt ell Fo); 


6d Diwerta. esriroq Irnsi soe 49 pega h 
to-ssqyi tresaitio 224i) pmibaager’ bario! eda 
oviF Jaw? ef! ieswiad zriotioniggieart) .ateey 
sxio ott mow Deedes f! iw. aise io sai rogelen 
sleae sovel & nl .meteve J80 off bO euler bok 
ot? Jend viewrl 2t rt . (PAIS ,.o.e). melee 
od Tiiwiige.wep & -romtwe ofp) so) auiten? 
ent emerpe dy ofw nes-sa Bry mont tro rettib 
rw AosooIW at) font ireiet? lb Geile brie sa .w.0D 
frente yt begw.e? s21uce sdf asdw tnecsiq zi. 
orfgn foorlse = 46 S25 ert? ot Brg sardto arid. nQ- 
'sa0). 3 civ teddial emerpom eat?perq bre 11 ttb 
a07%S! Dateoe! visions) yo wihognmiotnim 
\ OPP we .npfeab of Wiel! sie eiétoge! , | ssiuqnas 
oF .temmertiqus .eevisament ie odin serif eay brig 
"2? -feahn enol e-weele 6 to sesso sid 
edt ad vino Tom yen noexeqp $e . 4ehugaoso7lm, 
ort} ozls Jud SemmHeiQorg Ons nOtac1d , I0?ouitent 


° vba geort .22s),-arl “aro war Ol ss68Ge ~eluqno» ei Tt 
Ae bas evisontigit 8 2teey.to setryopeiso =~" : 
a i . any F 


necessary components of a CAL delivery system 
whether they are fulfilled by a single or 
different individuals. 


WHunkawe tral 1978. p.. 9) 
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A drill teaching strategy consists of any 
combination of rule, example and question. The 
response to the question is identified as either 
right or wrong, and some attempt is made to 
indicate the probable source of error and remedy 
the misconception. There is no complicated 
interactive diagnosis of the source of the 
Ce error. (Godfrey & Sterling, 1982, 

be 764 


Om Inquiry: 


Inquiry-based CAL is close to the border of 
information retrieval. The learner indicates 
which rules he or she wants to see, and is shown 
only those requested. Inquiry may include 
examples, but does not include questions based 
on the rules. Because the basis of this strategy 
is to allow the learner to select data as he or 
she wishes, the objective must define the rules 
which can be accessed by the learner. In many 
cases, this will be the entire database. 
(Godfrey & Sterling, 1982, p. 42) 


7. Simulation: 


The main feature of a simulation strategy is a 
scenario which is displayed on the screen. The 
scenario is constructed according to a set of 
rules and examples and is usually designed to 
represent "real life’. The rule and example are 
combined in ways that force the learner to 
guess, make assumptions or think in intuitive 
ways in order to respond to the question. The 
learner’s responses alter the scenario. A 
simulation may also invite the learner to take 
control and create the scenario by feeding in 
the key features (parameters). The scenario 
which is created will be built according to the 
rules defined for the objective. (Godfrey & 

St eriitingienl S62 ee 454 


8. Teaching Strategies: Godfrey and Sterling (1982) list 
five basics CAketeaching strategies: Drill,othest, 


Inquiry, Simulation, and Tutorial (See individual 


a ' ip : , vi 7 an 
as i - My — 
is | ieee le =~ 


neteve: \tbosiane ror 
10 sfoute eve Bethe 


(eS 6° Bie7 Ped en in is ri _ ) . aa 
iTtt . 
vis. 10 afetagoo wosTsts set i o flea A 

sit oopriesge bospalaness | hiaatemne 


2 46 Rett rinsprec? Aolte 


: --/ peas 8 | . 
Tt sham a JEnalhs anos ‘be jw “4 7 : 


hane 1 brs so1994Fo Solos Sheu oi enh sheesh} ” 
S71 hS7 Fanos OF. ac aqdnhilg af. eae art 


bay *o sdfiee aT" ic eisai “! 14g sediet Pe. 
Lue ort Pasiec: A vs Westby tga go e  eaniee7 Te 
; (pd 4 7% 

—- 


fo oYabned at? af -s2oh> eit uae ap eet: vet 

eatoapnonat iweciest st! fig uit 1) Sey pa beret Ars 
nwaite 2 fie fone od a iiew ortet ple eee tao tim ow 
; Shits 1 Yon ae rik rie é ens 4 See 4aepri vine e 
Hse othe 2 or 12auo ais | Oey af, Se: wea Meidle sycomn 4 cae 
YpSis iia <eftl te atgact ei) 335358 oe setiir wm | a 

“yo sa. 26 Si sb. hostess of tsnse0f AdPdol (se of #2! - 
ge¢lnoenl antisb jem oy tines, les ald? .2eriziw ecle 

Vier alo. 1Sh ee a Yd bad2eoae ot nes ook 
4a5deneb Fine Sl sey iw Bray — 
Loa, th). SG4t Ane itehe, @ yorttaad /} 


treet tetumt 3 


; af Veetstie/molistunie 9 To) enMeset iam ent 
| wisenae ocd) sa sews! gerh My Ant otsriace 
to"ta2 8 of eorid> 7: Relsewstip 2% thet: 
of banpreau Vi epew | a G15) eelepioks. Gas 2a/y4 
316 Seite Oe” ahi! aii . eo ties trons Waees 
co ol Bare eu a ih Pimcghieno 
Sued tee aims 10 -anot 286 OAR) . 32 
sri! sor heetp Sti fol, pebGes oF abib53 ni nae 
A vel ranese i sett ewenagesy a scteat 
Stet of ‘Bitsst. * S) vit, 041 & Wea ratistimle 
fi ba “fh tpl a, any aigens bin. lortnada . 
Siisnes2 onl fe oe ee set Jies? Yea nT. 
any 9) pr bree Tiqed oc te Detaed et oie 
6 Yo Gor) eviToet dO eH 107 “bentFeb asian 
of = 5881 etl wale 


“Jel! (She!) gaflasi2 bre yo9Fhed -a6icetsqt2 gnitioge’l 
,1eeT 01d Vasieedante ipihtes! JAD atede. awh 
pp Amisiviont see! (srroiul tas. snottahugie eotupet 


— op" ia > APHhib - 2 


= 
! 
Fi 


29 


entries). Some writers include Games as another teaching 
strategy but Godfrey and Sterling suggest that "each of 
the five strategies can, with greater or lesser success, 
become a game." (p. 53) 

9. Test: 


The question is the only building block used by 
a test strategy, although responses are 
evaluated according to a rule or rules. The 
results may or may not be recorded.... No 
-attempt is made to give assistance or emphasis 
to areas of weakness. The test may contain 
questions based on rules that are taught in 
different objectives in the course. (Godfrey & 
Steniimayi nhs ClnnawHss ) 


tO tutorial: 


Tutorial CAL is the most difficult teaching 
strategy to define because its most important 
aspect is that it be highly adaptive. It 
combines all three building blocks, rules, 
examples and questions, in any way needed to get 
the job done. Tutorial CAL differs from the 
other strategies in that in the event of 
continued learner error the learner goes into an 
interactive diagnostic sequence designed to 
determine the source of error. Tutorial CAL may 
also allow the learner to ask the computer 
questions about the material presented. Allowing 
such questions results in a tutorial structure 
that is highly adaptive and consequently very 
difficult to construct. (Godfrey & Sterling, 
1982) p. 48) 


B. A Method for Comparing CAI Languages 

To select CAI Systems for review is a difficult task. 
There are many to chose from though most are available on 
only a few computer systems. Voyce (1979), during his 
research to develop a multilingual CAI system, performed an 
in-depth analysis of five languages - BAS TGR CANat 
COURSEWRITER III, NATAL and TUTOR. All but BASIC are 
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specialized CAI languages. 


Voyce gave the following reasons for selecting these 
languages: 

1. BASIC is an example of a general-purpose 
programming language which has had moderate 
usage in the CAI environment.... 

2. CAN-7 is the CAI language which is almost 
exclusively used at OISE [Ontario Institute for 
Studies in Education] and therefore has topical 
interest. 

3. COURSEWRITER is an example of a very popular 
programming language which was specifically 
designed for CAI applications. Version III of 
COURSEWRITER was selected for this project. 

4. NATAL is the proposed Canadian standard CAI 
language which contains many features common to 
other CAI languages. 

5. TUTOR is one of the most frequently used CAI 
languages. 

wot 862 

The results of his analysis were categorized into a taxonomy 
of functional properties of CAI languages (p. 66). He found 
that "although a considerable number of properties are 
common to all five languages, some properties are either 
shared by a subset of the languages or are unique to a 
single language." (p. 41) His purpose was not to compare 
languages but to describe their functions. 

It is the intent in this chapter to make use of Voyce’s 
taxonomy to develop a system for comparing CAI languages. 
The taxonomy of functional properties was divided into 


eighteen domains termed CAI language features. Within each 


domain the functional properties are considered 
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compensatory. That is, a weakness in one functional property 
may be compensated for by a strength in another. To compare 
a set of languages a value is given to each property in a 
domain that differentiates the languages. The value is in 
the range of one to three which represents that property’ s 
compensatory weight within the domain. When assessing a 
particular property in one of the selected languages, a 
value of zero is assigned if the property is not present; or 
an integer value, up to the maximum set for that property, 
is assigned which depends on the extent to which that 
property is implemented in the language. 

Once the values for each of the functional properties 
for all of the languages have been assessed, they are summed 
for each language within each CAI language feature domain. 
Thus each language has eighteen scores, one for each feature 
domain. These scores are used to obtain a profile index in 
the range zero to ten. This profile index is called a 
relative prominence index. It is obtained for each feature 
by dividing a language’s score on that feature by the score 
of the language having the highest score on that feature and 


multiplying the result by ten. 


C. CAI Language Features 

Voyce divided the functional properties into six major 
categories. (p. 39) These major categories are retained for 
the description of the CAI language feature domains. Four of 


these categories are further sub-divided to obtain a total 
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of eighteen feature domains. Each is outlined below. In 
parentheses after the name of each domain is listed the 
categories and sub-categories of Voyce’s taxonomy (p. 67) 
contained within the domain. (Note - In Voyce’s taxonomy, 
category 1 is an introduction. The actual taxonomy uses 
categories 2 to 7. The feature domain categories are 
renumbered 1 to 6.) 
eo Data 
a. Varrabtiess( 2) tiv? S2an2 el husppredefiinedeandituser 
variables, scope of variables, typeless variables 
b. Types and Operations (2.3 - 2.9) - numeric data 
types and operations, boolean data types and 
operations, string data types and operations 


c. Pattern Matching (2.10) - elementary patterns, 


building up subpatterns, continued matching, range 


De 


of search, run-time parsing of strings, indexing of 


subpatterns, substring operations 
du: StudenttsiNanéegyDate?s Vimes( 2. 12) --dspecial 
information available to user 
2,9 DatadStructures 


a. Organization and Operations Le aio 3.4)- random 


organization, stacks, sets, higher order structures 


b. External Storage (3.5) - sequential files, 
random-ordinal files, random-kKeyword files, 
sequential-random files, operations on files 

3. Data Conversion (4.0) - numeric conversion, boolean 


conversion, string conversion, formatted conversion 
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Program Control 


a. 


Labels (5.1) - scope of labels, referencing program 
components 
imanstersot Contro? (552) =. unconai tional “transfers 


conditional transfer, indexed transfer 

Blocks nstructi ons! (See) sayaiooping structures, 
decision structures 

Subprograms (5.4) - functions, subroutines or 
procedures, invocation of subprograms, nesting, 
recursion, parameter passing 

Stoping and Starting Student Sessions (5.5) - 
checkpoints, session restarts 

Imola citt Aotiacitiys (St Gye caimpildiei tct ransferns , 


trapping, asynchronous activity 


Output to Student 


da. 


Student Output Devices (6.1) audio devices, slide or 
microfiche, bel] 

herminale Disp kay WiGe2e le BiGe 2 ils = dots  Alvector 6; 
strings) characters sizejenighhightangy; rtonts\, 
display of variables, display sub- language 

The Display Area (6.2.4) - screen size, windows, on 
other terminals, bounds, text alignment, formatting 
operations 

Additional Daispialayi fF uneitons, Cov2e Stan be 2ati0)), - 
input display ,.overprintjadisplace; disp laymerasing, 
special display functions, external storage of 


display information 
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6. Student Response (7.0) - input devices, time limit, 
sereen~area;-~|-imi-t--to-number+of-—characters+—character 
set, special function keys, responce latency, response 


position 


D. A Comparison of Five CAI Languages 

Using the above scheme, it was decided to compare five 
esl PeanguagesmtCaNn-7, COURSEWRITER ILD, (NATAL.. TUTOR: and 
PILOT. The first four were selected for much the same 
reasons that Voyce gave and because data on their functional 
properties was readily available from Voyce’s study. As a 
fifth language Voyce had selected BASIC. Since BASIC is not 
a specialized CAI language it was decided to replace it with 
PILOT, the only CAI language widely supported on todays 
microcomputers. 

An analysis of the functional properties of Apple PILOT 
(Apple Computer Inc., 1980) using Voyce’s taxonomy was 
carried out. A review of Voyce’s analysis of NATAL and TUTOR 
was also done using the most recent manuals {Honeywell 
Information Systems, 1981b; Control Data, 1978). 

Applying the method for comparing CAI languages 
outlined in Section B above, scores for each of the eighteen 
language feature domains for all five languages were 
obtained. These are shown in Table 1. This table also 
contains a Key to the abbreviations used for the names of 
the CAl: languages From these=scores the relative prominence 


indices were derived. 
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Table 1 CAI Language Features: Raw Scores 
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Figures 1 to 5 show profiles of relative prominence for 
each CAI language feature over the five languages. NATAL had 
thesnighest score on all features but one. Table 2 lists the 
number of times each language obtained a higher feature 
score over each of the other languages. Though each feature 
is not of equal importance in a CAI language, the table does 
indicate a ranking of the languages compared. NATAL has the 
highest rank followed by TUTOR, CAN-7, COURSEWRITER III and 
Peeei,in- that rorder: 

Finally, Figure 6 provides a profile of relative 
prominence indices for each langage over the eighteen CAI 
language features. They are displayed on three graphs for 


Glaretty. 


E. CAI Support Systems 


Although a CAL language provides the basis for the 
definition of instructional strategies, content, and 
the sequencing of the interaction of these 
components with a learner, these components alone 
are insufficient to provide an effective CAL 
environment which would stand a chance of competing 
with, and improving upon traditional modes of 
instruction, (Hunka vet ais eaie7s8, 0.28) 

A CAL system consists of a set of interacting 
subsystems or components based upon a particular 
author language and operating system which exists to 
support the activities of the var ious users oF -the 
system. (p. 11) 


CAI support subsystems are required to assist in the 
creation and modification of courseware, the control and 
monitoring of courseware presentation to students, and the 
assessment and analysis of the results of student 


interaction with that courseware. Hunka et al. (1978) 
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Figure 1 Profiles of 18 CAI Language Features (a) 
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Figure 2 Profiles of 18 CAI Language Features (b) 
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Figure 3 Profiles of 18 CAI Language Features (c) 
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Figure 4 Profiles of 18 CAI Language Features (d) 
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defined ten subsystems to support CAI. Some parts of these 


subsystems are necessary to provide minimal support for an 


effective CAI environment. Others would be enhancements 


beyond the minimum requirements. 


ee 


Registration Subsystem: This subsystem is needed to 
establish the identification of all users within the CAI 
system. Information such as user name, password, course 
access privileges and subsystem access privileges must 
be maintained. A method for creating, modifying, 
displaying, and deleting registration information is 
part of this subsystem, as are the system’s sign-on and 
sign-off procedures. 

Course registration might be part of this system. 
Some courses may be available for browsing. In such 
cases, sign-on registration is not required and a 
general "demo" user id may be used. At the other extreme 
some courses may be locked and available to only one 
programmer. (p. 11) 
Communication Subsystem: This subsystem establishes 
modes of communications between users. A student comment 
facility will allow students to interrupt their normal 
progress*in a course to type a comment to their 
instructor. During the development of a course, these 
comments may be quite useful to an author when making 
course revisions. 

On multi-user systems one terminal is usually 


dedicated to the proctor. If any unusual situation 
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arises at one of the student terminals, the system could 
send a message to the proctor’s terminal indicating the 
problem and the terminal location. Such situations as 
terminal malfunctions and programming errors may be 
handled this way. Or an author may include a proctor 
message in the course code to indicate that a student is 
having unusual difficulty with a particular problem. 

An instructor may want to leave a message for his 
whole class or for a selected student. This can be done 
with a mailbox Phestlirtys When a student signs on, all] 
the messages in his mailbox are displayed before he 
starts the day’s session. In large CAI systems there may 
also be a facilty that permits real time communications 
between users. (p. 17) 

Documentation Subsystem: This subsystem provides 
documentation of courseware and associated subsystems 
for each user type. For example an instructor needs to 
Know the educational objectives and the associated 
pre-entry skills, the subject matter content, and the 
instructional strategies for each major part of a 
course:: A. proctor has: to have access tovalkl possibile 
proctor messages and related interventions, lists of all 
questions and answers, and locations of all exams in a 
course. An operator needs manuals detailing the 
operation of the hardware and operating system. A 
programmer must have source code listings to refer to. 


Farina hiyasiat student requires a course outline and 
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instructions on the use of the terminal and system 
features, i.e. making comments, using the glossary or 
calculator, getting hints, or entering learner control 
mode. 

Various types of documentation may be defined. 
On-line documentation might be part of the course code. 
The system could interrogate the programmer for this 
type of documentation during course code programming. 
Off-line documentation systems using the course code, 
could generate listings of screen displays, identifier 
cross references, listings of all questions and 
anticipated answers and replies by type, and course 
logic maps. Manuals and guides for all user types are 
required as is documentation for media use, and font and 
picture graphics. (p. 19) 

Graphics Subsystem: This subsystem provides facilities 
for the interactive generation of character fonts not 
normally supplied on a terminal such as Greek letters or 
special mathematical symbols, and of graphic drawings 
for use on either full-graphic or font-graphic 
terminals. It might also provide for the graphical 
display of the results of mathematical functions where 
parameters are supplied by the user. (p. 28) 

Examination Subsystem: This subsystem is concerned with 
the selection, presentation and scoring of test items in 
computer administered examinations, and the evaluation 


and measurement of student performance and instructional 


70 Wisedoig sq] onrsy eet aria aor oil é i 
fo'nos: Astrea re balsa AO “amg. Beitee . votes ut 
14 Pa : be taal 
Pee) ie it 
bani i960 sd Wen nog 18 Inamsoh TO eshe) sual 16¥ 


T4ec ed) 3A Qn - Rott at rgmisok ant Wn 9 


{3 9162 AemmibIpSe Iq4sh)) Ss cad ate Bf Wit ital all sh 
On tAnNSHOe Ty ehoa Soo “orto nae Ladessabs hes oats 


ay 
eho S2wos srl onrek 2s haye aad | ibs SISOS? ani fie 


Sttitrebt. (evslogib nese FO ii f ‘Sea-vanep . 
; , 4 

BAS erat l2siip Ts to eer ede ily ) €Bote Sle 

S270 Dink: ea) Va \ashiqss tiny STS AB, nereg tahiti, 

Sis soqvl? (ey is 1O7 2abivo sila 2Papilm . ete Simeon 


- 


bas. Inet os) Seu erbsam 161 iol tas neaeens Sf a6 berluped | 

| (St lGes Hebinga yy combat 
ceri ltoat aebivows Wetayadua ez ae mat eyadg eeingead: 
ee sina ‘Sd ceriEe ts noe] Bana! Layilattatet aris ng 7 
16 29738) Sa). ohaetp a5. sidasa DEBUT RISES pe, a NE yi Lina x 
2p) (wib* atdgech) 10 ‘ais ob shaw 2 tap) Pieaiet'> at Lean 
aiden tHe Me vaitdiasip- igh seiiite. cp am) 0 3 

yy iesingwts ead sh) dbivded dune taginr ry “st seth >. 
ear. eration? tsobiigearis m teeter sdf to o wea 
‘pie. agi Si ads ve vabiqawe 938 pease i 

ple aoc at. mitaesue Shite ie eee Rot tena a f 
| * 7 anit ‘1261 to poinon brs. nohaeaniiends m3) ong ae 
nai seul ave sit ibhsia art Sin bingy: eaaeione 


arti: sanisieee nest a Freie: 


AG 


effectiveness. Various exam formats can be supported by 
CAl Systems. The conventional multiple choice style 
could be augmented by ranking and confidence weighting 
techniques. Using the keyword answer analysis features 
of CAI languages, the short answer format could be 
employed. With the use of a specialized scoring system, 
simulations could be used for examination purposes. 

Because CAI allows for the individualization of 
instruction, students will often reach particular 
examinations at different times. This presents a 
security problem for those examinations. The system can 
assist here by presenting the test items in a randomized 
order or by selecting test items from a stratified pool 
of items. Tailored testing, where the next question 
given a student is contingent upon the response to a 
previous question, could be supported; as could the 
generation of random numbers, within intervals specified 
by the author, to be used as problem parameters in math 
test items. 

Different presentation and feedback strategies may 
be available to the instructor or presented as options 
to the students. For example, the student might be 
allowed to preview all questions before answering, 
select the order of answering, or change answers to 
previous questions. The amount and timing of feedback on 
responses could be altered. Finally, the system must 


route examination results to the appropriate people. 
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tpss32)) 

Student Record Subsystem: This subsystem collects and 
analyzes student performance records for the purpose of 
monitoring the progress of a single student or a group 
of students, optimizing a CAI course, and identifying 
“bugs" in a CAI course. Performance records must contain 
enough information for various analyses to be carried 
out. The system will define a basic set of variables to 
be saved for each type of performance record, but an 
author may also define additional variables to be saved 
for specialized analysis. A performance record should be 
saved each time a question is asked, an examination is 
completed and scored, an error condition is encountered, 
or a student signs on or off, passes a restart point or 
performs some predefined "special" action. A set of 
analysis routines should provide cumulative results of a 
group of students on a particular question, and the 
cumulative performance of all students within a section 
of a course or of one student for all sections of a 
course. A more advanced feature would be the capability 
to retrace the exact path of a student through a section 
of aecourseemipe 39) 

Exception Handling Subsystem: When an error condition 
arises during the execution of a course, this subsystem 
should route an error message to the individual who can 
correct it: operator, proctor, instructor, programmer , 


author or student. If sent to the student the error 
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message must be meaningful and specify corrective 

action «lf an error. condition causes execution ito thakt , 

a meaningful display should be presented to the student 

until the problem is fixed or the student is rerouted. 

To ensure that proper corrective action is taken all 

error conditions should be recorded in an appropriate 

system file as well as sent to a printer. (p. 45) 

System Monitoring Subsystem: This subsystem provides 

routines for the general monitoring of system functions 

and records. The following are some of the facilities 
that this subsystem could provide: 

a. brief on-line reports indicating where each student 
is relative to the course code and each other, and 
his cummulative signon time and last signon date 

b. interactive queries for selected information in 
students’ restart and status records 

Cc). ¥dentificat ion? of curnentsexecution.locatiion: for 
debugging purposes 

d. on-line diagnostic procedures to flag terminal 
malfunctions 

e. §,access» to operational status of eachversion of 
every module in a course 

fat weecessi ito: curnent,user<status 

g. accounting information on system use. 

bears) 
Execution Subsystem: During execution of a course, an 


instructor may allow a student to make use of a review 
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mode. In this mode a student may suspend the normal flow 
of the course to back up one or more "frames", to back 
up to some logical point and then retrace his path with 
the system supplying his previous responses, or to 
branch to another section of the course. Various 
facilities could also be allowed for the student. He may 
have access to a course glossary, help or hint messages, 
a calculator mode, or a plotting procedure. If audio 
messages or pictures are presented, the system should 
allow the student the ability to request that the last 
one presented be repeated. A course map could be made 
available to the student that would show him where he is 
in the course and which sections of the course have been 
completed. It might also be possible for a student to 
have access to certain information in his personal 
record area or summaries in the group record area. 

Certain execution time facilities can also be made 
available to proctors. There may be a need for a proctor 
to intervene in the normal operation of the system to 
redirect a student to a different section of the course 
or to suspend course execution. The proctor should also 
be able to change variables in the student record area, 
set the system latency default, and monitor a particular 
student’s progress in parallel terminal mode. 

When an author or instructor is reviewing a course, 
he should be able to use pseudo answers like ‘c" or “w' 


for correct or wrong answers and be shown the expected 
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response and associated reprise display. (p. 52) 
Course Entry, Modification and Testing Subsystem: This 
is one of the most important subsystems because it is 
the first encountered by beginning programmers and is 
used by personnel with the widest range of experience. 

Course entry may be made "on-line" or "off-line." 
On some of the larger CAI systems a course author may 
pass the course design to a programmer for encoding. 
However, in most systems the author programs his own 
course code and is usually not a eeoree stone 
programmer. The system should provide the author 
/programmer with aids to assist with course entry and 
modification. Input specification forms are often 
provided as off-line support. These may include 
conventional coding forms, screen display forms and 
“fill-in-the-blank" instructional model forms. These can 
be used by data-entry operators to enter course content 
directly. Once a programmer has corrected all syntactic 
errors, the author should be provided with screen by 
screen listings and a course map listing to assist in 
checking course logic. 

During on-line code entry each statement should be 
checked when it is entered for syntactic correctness, 
and errors marked for immediate correction. Code 
modification could be performed by a powerful but simple 
text editor with both line and screen editing modes. The 


author should be able to set up screen displays using a 
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full screen editor and save these displays by logical 
names for recall by the course code. 

Pre-defined instructional models may be available. 
They can greatly assist beginning authors by allowing 
them experience with well defined models. They do, 
however, limit the options available to the author. 

Procedures for testing and debugging programming 
and instructional logic should be provided. This might 
include a driver program that simulates a student taking 


a particular course module. (p. 59) 
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III. Requirements for a Microcomputer Based CAI System 


A. Requirements for Courseware Development 

The development of CAI courseware not only requires 
Knowledge of subject content, but also knowledge of 
instructional design and skill in computer programming. 
Taking a rather broad view of instructional design, it might 
include the appropriate recognition of any of the following 
factors: 
; curriculum design and subject matter sequencing 
a graphic design 
ms recognition of a student’s level of development 
= visual perception 
- motivation 
> diagnosing and remediation 
a testing 
= learning style. 
Figures/ iilustrates -the® intersection of theethree major 
area competencies. The range of Knowledge or skill shown is 
from adequate (minimum for good courseware development) to 
Superior. 1t is unlikely that “a person with. superior subject 
content Knowledge would also be superior in the other two 
areas (vertex A). To successfully develop superior CAI 
courseware, a team of specialists ie Balsa: content, 
instructional design, and computer programming is required. 


It would not be unusual, however, to expect that individuals 
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could gain at least adequate knowledge and skill in all 
three areas (vertex B) and produce adequate courseware if 
given adequate tools. 

There will be others having the requisite subject 
content Knowledge and the desire to develop courseware, 
while having less than adequate knowledge and skill in the 
other two areas. If a CAI system can separate instructional 
strategy from subject content, a team of programmers and 
instructional design specialists (vertex C) could develop 
sets of CAI strategies that content specialists could 
utilize in preparing courseware. In the drill and practice 
mode of CAI, this might take the form of providing 
parameters to math drills or spelling word lists for use in 
a ‘Hangman’ game. In the tutorial mode, the subject 
specialist, if provided with the proper programming tools, 
might develop elaborate instructional interactions that 
could include animated displays and complex answer analysis. 

The CAI system must attempt to supply the needs of the 
courseware designer who is attempting to produce the most 
effective instruction possible over a wide range of content 
and instructional strategies. Some of these needs are: 

i easy control of branching and jreturn, e.g.) going) to a 
glossary or help sequence at the student’s request 

ri score keeping and internal monitoring 

> monitoring of student progress 

: access to numerical calculating power 


7 flexible input 
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* good answer analysis 

; easy creation of graphics and animation 

“= easy procedures to review and test courseware 

re tailoring courseware to individual student needs, e.g. 
use of external parameters to adjust pathway through a 
course. 

With reference to computer languages and support 
systems, the term "user friendly" has come into Va This 
usually means that the languages and systems are designed to 
be supportive to both the beginning and experienced 
programmer. This is especially important in CAI since many 
courseware designers may not have had a great amount of 
programming experience. A CAI language and system should be 
easy to learn and use. Courseware entry, editing, and 
testing should be straight forward with good error checking 
and, perhaps, interrogative coding in which the system 
queries the programmer for each program element, accepting 
only legitimate input. The language should provide a rich 
Vanietynof antransic. functions and operations, and, for the 
experienced designer or researcher, should allow for easy 


extension for specialized needs. 


B. NATAL-74: Canada’s NATional Authoring Language 

Romaniuk (1970) developed the CAI language VAULT which 
provided for the separation of instructional design and 
subject content. The instructional design specialist 


programmed in the VAULT logic division while the content 
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specialist programmed in the simpler data division. The 
VAULT compiler combined the two divisions to produce 
executable Coursewriter II code. 

A more recent development of a CAI language that 
provides for this separation of strategy and content is 
NATAL-74. As was shown in Section D of Chapter II, NATAL 
also had the highest score on all CAI language features but 
one when compared with four other prominent CAI languages. 
For these reasons NATAL was selected as the model upon which 
to base the design of a microcomputer based CAI system. 

"NATAL-74 was commissioned by the National Research 
Council in 1972 and designed by the IBM Canada Lab to meet 
specifications produced by a panel of CAI users from across 
Canada." (Westrom, 1976, p. 1) It is really three languages 
in one: a procedure and function language, an instructional 
unit language, and a display sub-language. The latter is a 
sub- language of the instructional unit language. Figures 8 
and 9 illustrate the relationships among procedures, 
functions; “and Unats:, 

The instructional strategy of a course is written ina 
procedure language which bears a resemblance to PL\1 or 
ALGO... Support routines are also written in this language. 
These include General Functions, which serve the same 
purpose as functions in any computer language; Edit 
Functions, used to edit student responses before answer 
analysis processing; Graphic Functions, to provide author 


defined graphic displays; and Font Blocks, for the 
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specification of additional character fonts. The language 
also provides a set of intrinsic general, edit, and graphic 
functions. 

Content presentation and instructional interaction with 
the student are provided through a special routine called 
thesinstructionak Unit, cornyus temiitioel tehas ci tscown 
language and intrinsic branching mechanism. The third 
language is called the Display Sub-language which controls 
the display of characters and graphics on the student's 
output device in a manner similar to a word processor. It 
allows for the formatting of the same material on devices 
with differing characteristics. The Display Sub-language is 
only used within the Unit. A commercial version of NATAL-74, 
termed NATAL-II, has recently been developed by Honeywell 1 
Information Systems Canada. This will be the version 
referenced throughout the remainder of this thesis. (see 


Honeywell, 1981a, 1981b, 1981c) 


C. Selection of a System Development Language 

NATAL-II is too large and complex a language to be 
easily implemented on the microcomputers most often found in 
schools today. However, the design philosophy of NATAL, 
separating strategy and content, could be incorporated into 
an extended version of a language already available on these 
same microcomputers. That is the approach to be taken in 
this thesis project. The name selected for this CAl 


development system is CASTLE, an acronym for 
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Computer-Assisted Student Tutorial Learning Environment. 

| Which language should be selected as the base language 
on which to build this CAI system? Since, as a minimum, it 
must serve the same function as the procedure language of 
NATAL-II, it should be a structured language. For this 
reason BASIC, the most common language on microcomputers, 
must be rejected. BASIC has limited structured control 
statements, does not have named procedures and functions, 
does not permit parameter passing or local variables, and 
variable names are significant only to the first two 
characters. The main advantage of BASIC is that it is easy 
to program and debug because of its interactive interpreter. 

Pascal might be a likely candidate. It is a structured 
language with all the characteristics that BASIC lacks. But 
it has poor string handling capabilities needed in any CAI 
environment, and programs are more difficult to create and 
debug since it is a compiled language. (UCSD Pascal does 
have excellent string handling capabilities, but is encased 
in a complex environment. The Apple II version requires two 
manuals of over 500 pages just to explain how the system 
works and how this version of Pascal differs from the 
standard. ) 

The language selected as the base language for the 
CASTLE CAI development system is COMAL-80. Developed 
originally in Europe as a structured replacement for BASIC, 
it has attracted considerable attention on this side of the 


Atlantic after Commodore International placed in the public 
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domain in May 1981 a COMAL-80 interactive editor and 
interpreter. COMAL (COMmon Algorithmic Language) has been 
referred to as the language that combines the best of BASIC 
with the best of Pascal. It contains all the structured 
control statements of Pascal; permits long name identifiers 
for labels, variables, and procedure and function names; 
allows parameter passing as call by value or call by 
reference; and supports local and global variables. In 
addition, it has excellent file handling characteristics 
supporting read, write and append to sequential files as 
well as random access files. The interactive visual editor 
provides for modular program development, automatic syntax 
checkington input, and automatic ‘pretty print“cdistings to 
the screen or the printer. One of the main reasons for the 
selection of COMAL-80 is its string handling capabilities, 
superior to both BASIC and Pascal. These include selection 
and assignment of substrings, and a string inclusion 
function that returns the index of a substring in a string. 
The CASTLE system, to some extent, will be developed as 
a NATAL look-alike. The purpose of this approach is to 
facilitate programmer portability between the two systems, 


and, perhaps, courseware transferability. 


D. The CASTLE Instructional Environment 
Any computer language may be used to implement CAI. CAI 
lessons have been written in BASIC and delivered to the 


student via teletype terminals. The facilities of the 
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language and associated hardware may help or hinder the 
realization of any particular CAI teaching strategy. The 
extent to which a teaching strategy may be effected depends 
on the instructional environment supported by the software 
and hardware utilized. 

In this context an instructional environment may be 
classed as verbal, numeric, spacial, auditory, and/or 
Kinesthetic/motor. A verbal environment requires that the 
system can present the full range of alphanumeric and 
punctuation characters in whatever font is required for a 
given lesson. The student should be able to respond in the 
same character set and to alter his response before passing 
it to the computer for analysis. The CAI language should 
support statements for editing the student’s input and have 
the capability to do complex analysis of the student’ s 
response, including checks for misspelled words, by 
searching for the presence or absence of Key words or 
phrases inmvorcout.of a prescribed: order. -The CASTLE design 
fully supports the verbal environment. The ability to match 
phonetic targets is not implemented at this time, nor is the 
abibity. tordesign. and change character» fonts: 

A numeric environment requires that the system can 
present the full range of mathematical symbols and 
structures. The student should be able to respond with this 
same set of mathematical symbols and should be able to 
access the calculating power of the computer. The CAI 


language should be able to scan input for acceptable 
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mathematical symbols or numerals, to analyze INpeUtAfen 
numeric equality within a specified tolerance, and to 
compare algebraic input for equivalence to an algebraic 
target. The language should support both scalar and matrix 
algebra. The CASTLE design partially supports the numeric 
environment since only scalar algebra is included. Just the 
mathematical symbols contained in the standard ASCII 
character set are implemented, and the algebraic comparison 
function is not implemented. 

A spacial environment requires that the Eyer eh can 
present high resolution colour graphics representative of 
both 2-D and 3-D figures. Input devices for this environment 
might be a light pen or touch screen, a graphics tablet, or 
a "mouse". Other visual presentation systems, such as a 
slide projector, microfiche or a video disk under the 
control of the CAI software, might be considered part of 
this environment. The CASTLE design does not support the 
spacial environment but could be easily extended to include 
this environment. 

An auditory environment requires that the system be 
able to generate voice information, music and other sound 
effects, and to present pre-recorded sound. Auditory input 
and voice recognition are still mostly experimental. A 
kinesthetic/motor environment has been associated with 
complex flight simulators used by commercial airlines and 
the military. The CASTLE design does not support either the 


auditory or the kinesthetic/motor environment. 
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IV. Design Specifications for the CASTLE Language 


A. Overview 

A CASTLE course is composed of one or more chapters. A 
chapter, in turn, is composed of one or more lessons (see 
Figure 10). A chapter should be considered as a major 
division: of a course that ‘can stand on 1ts own, and must 
have a unique name within a course. An author may define a 
default order for the chapters in a course but it is the 
responsibility of each instructor to select and arrange the 
order of the chapters. This may be done for a class and can 
be altered for individual students. An instructor has the 
option of selecting additional chapters from an external 
source such as another course or a system library. 

The order of lessons in a chapter is, however , 
primarily, under the control of the author. The author 
defines a default order for lessons within a chapter, but 
from within any lesson, there may be any number of exits to 
other lessons. Thus the author may individualize each 
student's pathway through a chapter (see Figure 11). 

The lesson is the basic control module in a CASTLE 
course. It must have a unique name within a chapter. Lessons 
are written in the CASTLE procedure language. Each lesson 
begins with a lesson entry procedure named ‘lesson’. A 
procedure is a computer routine, or sub-program, that 


controls the actions of the computer. In CASTLE, procedures 
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are used to select instructional units, gather data on 
computer interactions with the student, and make decisions 
on choosing the student’s pathway through a course. 

The author may divide a lesson into parts. A part might 
be associated with a single objective or sub-objective of a 
lesson. Upon re-entering a course the student is 
automatically routed to the beginning of that part of the 
lesson which was being executed just prior to sign off. Each 
part of a lesson has a unique number and name within the 
lesson, and begins with a part entry procedure having the 
part's name. Parts would normally be executed in numerical 
order but the author has complete freedom to call parts in 
any order. For example, a student having difficulty in part 
4 may be re-directed by the author to part 2. 

Within lessons, procedures may be defined by the author 
for the general control of the lesson. A procedure may be 
called by another procedure and is then subordinate to the 
calling procedure (see Figure 12). 

Instructional transactions are carried out by unit 
routines. All interaction with the student is handled by 
these units. The unit is used to present information to the 
student, to pose questions and to analyze the student's 
response. System variables are used to pass information 
about the transaction back to the calling routine. Units are 
called from procedures in the lesson modules. Units may have 
names that are Known to any course in the CASTLE system or 


their names may be local to a course, a chapter or a lesson. 
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The presentation of information is handled by a special 
display sub-language that formats text and graphics on the 
student’s display devices in a manner similar to a word 
processor. 

Routines that support both instructional transactions 
and control procedures are called functions. These are 
classed as general functions, edit functions, comparison 
functions, and graphics functions. The CASTLE system 
provides a number of functions in all four classes but the 
author may define unique function’s in each class using the 
CASTLE procedure language. 

The CASTLE Language is composed of three separate 
language systems that share system data. The system data are 
of three classes: system files, system registers, and system 
variables. The language systems are the procedure language, 
the instructional unit language, and the display 


sub- language. 


B. System Data 


System Files 

There are five types of system files: lesson module 
fileom Unateparse table: files, unitestring tablestites, 
display files, and window files. The lesson module file type 
contains CASTLE system routines and author defined 


procedures and functions. The two unit file types contain 
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control and display data for the unit language interpreter. 
The remaining two file types are referenced by the display 
sub- language interpreter. Display files contain data to be 
formatted by the display sub-language interpreter. Window 
files are preformatted data to be displayed in an 
author-defined window on the student’s display screen. These 
Files are referenced by file identifiers which may have up 
to twelve alphanumeric and/or symbol characters except the 
quotation mark, semicolon, asterisk, question mark and 
ae but may include the space character. The first 
character must be alphanumeric. A file identifier may be 
Known to the entire CASTLE system or may be local to a 
particular course, chapter, or lesson. When referenced from 
within a course, a CASTLE system file identifier is prefixed 
withcan’ & > a current course: fite identifier; with a’ 7’: a 
current chapter file identifier, with a ‘%'; and a current 
lesson file identifier, with no prefix. 

Chapter and course names must have the same type of 
twelve character identifier. Unit and lesson identifiers may 
also have numeric indices. They appear after the identifier, 
which is then restricted to ten characters, and range from 


“OO LOMO Oke 


System Registers 


For each student there is a set of local and global 
registers. In each set there are 100 numeric registers 


numbered 0 to 99, and 21 string buffer registers numbered 0 
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to 20. The numeric registers may hold integer or real 
numbers. The string buffer registers may contain strings of 
up to 80 characters. The local register set is local to each 
lesson module. They are referenced as system variables c(0) 
to c(99) and b$(0) to b$(20). The global register set is 
global to the entire course. They are referenced as system 


Van taoles! clit ites. (99) and! b'Si0) to b™7$ (20:)4 


System Variables 

All system variables are local to each lesson module. 
They are Known only to the procedures and functions in that 
lesson module and to any units called from these procedures. 
They will be discussed in the section on system variables 


below. 


C: The Procedure Language 

The CASTLE procedure language is an extended version of 
CBM COMAL-80 revision 01.02. Reference will be made to 
various elements and features of COMAL in the following 
descriptions. These will not necessarily be complete. For a 
complete description of COMAL see Lindsay (1983). 

COMAL routines are written as a series of statements. 
Each statement is preceded by a line number in the range 0 
to 9999. Generally there is only one statement per line. The 
line numbers are only used by the COMAL editor and are not 
part of the routine statement. COMAL has three types of 


routines: programs, procedures, and functions. CASTLE 
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authors will only write procedures and funtions. The CASTLE 

system routines are written as COMAL programs, procedures, 

and functions. 
When describing the syntax of CASTLE statements the 
following conventions will be used: 

1. Items in UPPER CASE are keywords and must be typed as 
shown, unshifted. 

2. ltems in lower case and enclosed in angle brackets <> 
are supplied by the user. The angle brackets are not 
typed. 

3. Items enclosed in square brackets [|] are optional. If 
used the square brackets are not typed. If the item 
enclosed in square brackets is followed by an ellipsis 
(...), it may be repeated as often as needed. 

4. All other punctuation should be typed as shown, 
including parentheses (). 

An <identifier> is a name of up to 78 characters, each one 

significant. These characters may be unshifted alphabetic, 

numeric, apostrophe ('), backslash, square brackets ([ or 

1), and left arrow. The first character must be alphabetic. 

An <identifier> may be used as a variable name, line label, 


function name, procedure name, or array name. 


Data Types 
| CASTLE’ supports integer, real, and string’ data, types. 
Integer literals are whole numbers in the range -32768 to 


+39767. Real literals may be expressed as integers, as 
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decimals, or in E-notation. The E-notation exponent must be 
in the range ~ 38) ito 37ty Up itons fsngnitieant digits rean be 
represented. A string literal is 0 or more characters 
enclosed in quotation marks. Within a string, a quotation 
mark is represented by two consecutive quotation marks. 

Real and integer variables do not have to be explicitly 
declared. A real variable is represented by <identifier>. An 
integer variable is represented by <identifier>#. A string 
variable is represented by <identifier>$. String variables 
must be declared by a COMAL DIM statement as having a 
maximum length of from 1 to 32767 characters (Lindsay, 1983, 
p. 34). Arrays of all three types may be declared by a DIM 
statement and may be multi-dimensional (pp. 35-38). 

Functions that return integer or real results may be 
defined. The function name has the same form as a real or 
integer variable. String functions cannot be defined but can 
be simulated by a procedure with a call-by-reference string 
parameter. 

Switch or boolean is not a separate type but is 
represented by the numeric type. A value of zero represents 
FALSE and any other value represents TRUE. The switch 
literals TRUE and FALSE are supported. Since file names are 
Strings, (116 Var lables are simply string variables. 

String, numeric and boolean expressions are supported 
bysCASTLE. ‘The operators apes) je / DIVEMODS igen <>: < > 
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Rout ines 


A course author may define five types of routines: the 
procedure, the general function, the comparison function, 
the edit function, and the graphic function. Each routine 
has a header statement, a routine body, and an end 
statement. 

The form of the procedure and general function is 


sami Tare) Lindsay, 19898) ppt *234=2059 and given below 


PROC <procedure name>[(<formal parameter list>)] [CLOSED] 
MIMPCRT, <identifier list>]). a. 
<statements> 

ENDPROC <procedure name> 


FUNC <function name>[(<formal parameter list>)] [CLOSED] 
[IMPORT <identifier list>]... 
<statements> 


ENDFUNC <function name> 


A procedure is called by simply using it’s name, for 


example, 


<procedure name>[(<actual parameter list>)] 


The same is true for a general function except that it’s 


name must be used in an expression, as for example, 


<variable> := <function name>[(<actual parameter list>)] 


Formal parameters may be either called by value or 


called by reference. A reference parameter name is preceded 


iy 


aft “Sanh tust Fo 


ree , 
tt ‘ ey 


— 


7 

bae ae Bre cab snhuet es 
A \iths Speak) | 

vu vad b erat ae 
af agi lonudt Terence ne S1Ubsa61g ewld 1 Ve? - . 
} 6 A we” os _ ar : 

dated pnavio bos (B28- Tes) sag pO881..;/ weebrtsy « 
ame 


[OAs if searl asisme veg sic aves 
ie aeail ee ihe 


“Baten 3 qubsou% 


NAA@OID). 11822 Fl. aeceMis ag Pate a 


‘Ceibes met tg 


: ; | | a -s " ; ye 
oh) erence "TP gat es hig Oa yD bal Pad et she 
_ / : } 
1 : “4 Ve a 
: ay Of “ Ne 
of 4 ' ¢ 


sions A ittabt-aeTeis 18q shi aaa Yc . / 

eae eur fi ae ; wv) 
on 2th tea togpows mQTADEs, | acto wot and canbe 

0 _ cle aaibinll wt bezu se ra for 


: a . Part i 
@ eu 7 sg am 


Linde a tit Reeve oa ie een > 


7 
. 


, 


79 


by the Keyword REF. A value actual parameter is an 
expression of the same type as the corresponding formal 
parameter. A reference actual parameter is a variable of the 
same type as the corresponding formal parameter. Array names 
may also be passed to REF parameters. The formal parameter 
then becomes a nickname for the actual parameter. Thus 
values may be passed in and/or out of procedures and 
functions through parameters. Parameters in a list are 
separated by commas. Parameter names are local to their 
routine. 

The use of the CLOSED key word makes all identifiers 
within the routine local and locks out all global 
identifiers. Global identifiers may be imported into a 
closed routine by use of the IMPORT statement. 

A RETURN statement may be used anywhere within a 
procedure and when executed causes an immediate return to 
the calling routine. If there is no RETURN statement then a 
return to the calling routine occurs when the ENDPROC 
statement is reached. 

The form of the RETURN statement in a general function 
is as follows: 

RETURN <non-string expression> 
When executed the expression is evaluated and its value 
returned as the function’s value in the calling expression. 
Execution of the function immediately terminates. 
There may be any number of RETURN statements in a 


routine. A function must be exited through a RETURN 
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statement. 

Routines may be defined within routines and may be 
called recursively. The unit interpreter cannot be called 
From within a closed procedure. 

Comparison functions are boolean functions used to 
compare a target response to a student’s response in the 
system variable redited$ or the system vector nedited. 
NATAL-II defines six system supplied comparison functions: 
ca - compare algebraic, cc - compare character, cg - compare 
graphic, ck - compare kKeyletter, cn - compare Romenieess re 
cp - compare phonetic (Honeywell, 1981b, pp. 85-89). CASTLE 
supplies three of these: cc, ck, and cn. They are described 
in the section ‘'System Functions’ below. A comparison 
function must return a value of TRUE or FALSE and may be 
used in a boolean expression. They are called in a unit 
categorization statement. 

An author may define up to ten comparison functions in 
one lesson, having the names ucf0 to ucf9. ucf is a mnemonic 
name for ‘user comparison function’. The syntax for the ucf 


header statement is: 
FUNC [UCFEn(<string variable>, ‘REF o<numeric vector name> () ) 


A target string might be passed to the first parameter. The 
second parameter is a vector with indices 0 to 10. Index 


zero contains a count of the number of remaining indices 


referencing usable data. 
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Edit functions are actually procedures used to edit a 
student's response in the system variable redited$ or the 
system vector nedited. NATAL-II defines eight system 
supplied edit functions (Honeywell, 1981b, pp. 93-94). 
CASTLE provides all of these. They are described in the 
section ‘System Functions’ below. Edit function names may be 
assigned as a list to the system variable sedit$, separated 
by commas and enclosed in quotation marks. The edit 
functions assigned to sedit$ are executed in order after a 
student response is received in the execution of a unit. 
Edit functions may also appear in unit edit statements. 

An author may define up to ten edit functions in one 
lesson, having the names uefO to uef9. uef is a mnemonic 
name for ‘user edit function’. The syntax for the uef header 


statement is: 


PROC cUERn 


Graphic functions in NATAL-II1, both system provided and 
user defined, are called by the ‘'&G’ command in the display 
sub- language to create graphic displays on the student's 
display screen. This feature is not fully implemented in 
CASTLE. User defined graphic functions when called by the 
‘8G’ command in CASTLE allow the author to take over the 
control of the student’s display from the display 
sub- language. The statements in the graphic function may 


incorporate any of COMAL’s display control features. The few 
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system supplied graphic functions in CASTLE are described in 
the section ‘System Functions’ below. These may not be 
called by the ‘&G’ command but may be used in a user defined 
graphic function. 

An author may define up to ten graphic functions in one 
lesson, having names ugf0 to ugf9. ugf is a mnemonic name 
for ‘user graphic function’. The syntax for the ugf header 


statement is: 


PROC UGFn 


Control Structures 

The power of structured languages lies in their modular 
structures and their control structures. The modular 
structures of CASTLE were discussed in the previous section. 
The control structures: of CASTLE are those of COMAL 
boindsay; 1962 .'pp. 224-2310. 

There are two types of control structures: decision 
structures and looping structures. The decision structures 
are the IF structure and the CASE structure. The: looping 
structures are the FOR structure, the WHILE structure, the 
REPEAT structure, and the LOOP structure. 

The syntax of each structure is described below: 

1. The decision Structures: 
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IF <condition> THEN 
<statements> 

[ELIF <condition> THEN 
<statements>]... 

[ELSE 
<statements> |] 

ENDIF 


A one line IF statement is also allowed: 
IF <condition> THEN <statement> 
The CASE Structure 
CASE <expression> OF 
WHEN <expression list> 
<statements> 
[WHEN <expression list> 
<statements>]... 
[OTHERWISE 
<statements> ] 
ENDCASE 
looping Structures: 
The FOR Structure 
FOR <for range> [<step>] DO 
<statements> 
NEXT [or ENDFOR] <control variable> 
A one line FOR statement is also allowed: 
FOR <for range> [<step>] DO <statement> 
Note: 
1) <for range> means 


<egontrol variable? := 
Cinitial value> Tes<final va tue> 


2) <step> means 
STEP <step value> 


The REPEAT Structure 
REPEAT 

<statements> 
UNTiet<eondi tion 
TheawHILEsStructure 


WHILE <condition> DO 
<statements> 
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ENDWHILE 
A one line WHILE statement is also allowed: 
WHILE <condition> DO <statement> 
d. The LOOP Structure 
LOOP 
<statements> 
IF <condition> THEN EXIT 
<statements> 
[IF <condition> THEN EXIT 
<statements>]... 
ENDLOOP 
In the above descriptions: 
= <condition> is a numeric expression that is considered 
FALSE if: it evaluates to. zero, otherwise it jis 
considered TRUE. 
- <statement> is a single line statement. 


= <statements> is one or more single line statements 


and/or multi-line control structures. 


COMAL Statements 

The CASTLE author may use any of the COMAL single line 
statements. They are grouped into the following classes: 
assignment, data, screen 1/0, file 1/0, and miscellaneous. 
The syntax of each statement is given below with a page 
number reference to Lindsay (1983): 
1. Assignment Statements (p. 104): 


a. Numeric assignment 
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<numeric variable> := <numeric expression> 


<numeric array name>(<index>) := <numeric 
expression> 


String assignment 

<string variable> := <string expression> 

<string array name>(<index>) := <string expression> 
A string specificer on either side of the assignment 
symbol (:=) may have a substring specification added 
to it as follows: 

(<start position>[:<end position>] ) 

Incremental and decremental assignment 

<numeric specifier> :+ <numeric expression> 

<string specifier> :+ <string expression> 


<numeric specifier> :- <numeric expression> 


Data Statements: 


These statements are used to specify and read internally 


stored data. 


ds 


DATA <list of string and/or numeric constants> 

Woy was!) 

READ <list of variable names> (p. 149) 

EQD -: System end-of-data function - It returns’ TRUE 
after the last data item has been read (p. 63). 
RESTORE [<label>] - Resets the data pointer to the 
first data item in the program, or, optionally, the 
first data item after the specified label statement 
omedies 1 

Label statement (p. 101) 


<label>: 
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Screen 1/0 Statements: 


Normally, output to the screen and input from the 


Keyboard are handled within the UNIT routines. The 


author may, however, take over these functions from 


within a lesson control module or in a graphic function 


by using any of the following statements: 


a: 


D. 


CURSOR <row>,<column> (p. 26) 

PRINT [<at part>][<print part>][<continue mark>] 
Nemealpe cr, 

Gat ipamtp> ths: A ler<r ows, <ecollumn>:: 


<pranhepart> crs 


USING <image expression>:<numeric expression list> 


one<prmin tianiiis, t> 
<print list> can include one or more of the 
following, separated by a <continue mark>: 
TAB(<position>) (p. 192) 
<string expression> 
<numeric expression> 
<continue mark> is 
a comma (tab to next print zone) 
or a semicolon (tab one space). 
ZONE <numeric expression> (p. 221) 
Sets width.of print zones) ZONE 707 1s thesdet aul t 
value. When used as a function, ZONE returns the 
current print zone setting. 


INPUT [<promot string>:] <variable’ list> (p. 95) 


KEY$ returns the value of the last key typed. If the 
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Keyboard buffer is empty it returns CHR$(0) 
foretooh: 
fF. GET$(0,n) waits for n key presses and returns their 
Va lie 'as adcstring of length n. 1t does not echo: the 
key presses to the screen the way INPUT does. INPUT 
is terminated by the RETURN key, GET$ is not 
Viste 2k) 
File 1/0 Statements: 
A CASTLE author may use external files. These may be 
shamed Files that are available to all students in the 
same course, or private files that are unique to each 
student. File names may have up to ten characters of the 
same type as unit, lesson, chapter and course names. In 
the OPEN statement the <file id> for a shared file is 
SHARED$+<file name> and for a private file is 
PRIVATE$+<file name>. The following statements are used 
in file I/O: 
as OPEN FIWE <i tetnumbervany.<filte id>, <file type> 
<file ‘type> 1s .READS WRITE. APPEND, ony RANDOM 
<record length> (p. 123). 


b. WRITE IPILEY< file number Si<record)iay<express ion 
lvstoetpp 215-206) 


<record> is ,<record number>[,<offset>] 
c. READ FILE <file number>[<record>]:<variable list> 
Lop. ole 154) 
d. GET$(<file number>,n) returns a string of length n 


containing the next n bytes from the designated file 


(oO, «82)): 
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EOF (<file number>) -.System end-of-file function - 
It returns a value of TRUE after the last item in a 
sequential file has been read, otherwise it returns 
BALSBy( penta Siu: 

CLOSE FILE <file number> (p. 19) 

Note: CASTLE authors must not use the abbreviated 
CLOSE statement since this will close all files 
including CASTLE system files. 

DEBE TEMGhT le Fi ddic( ph 108:2) 

PASS <disk operating system command> (p. 133) 
STATUS returns the value of the disk system error 


channel (p. 184). 


Miscellaneous Statements: 


NULL - does nothing (p. 119) 
SELECT OUTPUT <type> (p. 171) 


<type> is 
“EP” = SFARe? preinbekan OF 
'DS* = data. sereécn: 


STOP [<message>] will interrupt the CASTLE system 
execution and return control to the COMAL command 
mode. It may be used to debug programs since 
variables may be examined and changed in command 
mode. Execution may be continued from the STOP 
statement by issuing a CON (continue) command 
Wop 4. 2e9ando1gs). 

Note: CASTLE authors should not use the END 


statement nor leave any STOP statements in a routine 
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that will be executed by students. 

d. // <comment> is used to make comments for internal 
documentation. A comment may be on a line of its own 
or may follow any CASTLE statement (p. 156). Blank 


lines are permitted to enhance readability. 


CASTLE Statements 

To extend COMAL to fit the role of the CASTLE procedure 
language, a number of additional statements have been 
defined. These extension statements are referred to as 
CASTLE statements. Below is a sample lesson entry procedure 
to illustrate the uses of all these CASTLE statements and 
the normal form of this type of procedure. The line numbers 
would be typical of those used at the beginning of a CASTLE 
lesson module. They will serve as reference pointers in the 


discussion that follows. 


2000 castle 


2010 

2020 // Course: grammar 

2030 // Chapter: review 

2040 // Lesson: endings01 

2050 

S060 eCreated: 1982 Ot 15310815 

JO7TOML AtTRevised: 1968¢03024ar4:25 

2080 

2090 // Author: R.W.T. Garraway 

9100://. Institution: Division ofseducatitonal Research 
2110G/A/ Services, The University of Alberta 
2120 


2130 proc: lesson 

2140 get’ time(b$(0) ) 

2150 get’ date(b$(1)) 

SGO bo Ads” = 4 be.CG) 

9170 b$(0):="lesson endings01” 
2180 unit’ ("&welcome" } 

2190 loop 
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2200 case part of 

2210 when 1 

2220 intro 

2230 when 2 

2240 verb’ endings 

2200 when 3 

52260 noun’ endings 

2210 when 4 

2280 conclusion 

2290 otherwise 

2300 exit 

2310 endcase 

2320 delta’ time(time1$,b$(2) ) 
2230 put’ scores({sid$,student$,b$(2) } 
2340 reset’ counters 

2300 reset’ respond’ chars 

2360 checkpoint 


2560 end loop 
2380 lesson’ completed 


2390 lesson’ x("endings" ,2) 
2400 endproc lesson 
2410 


The line numbers below 2000 are reserved for the CASTLE 
system routines. After a lesson module has been loaded, line 
2000 is executed which invokes the CASTLE system. In part, 
this initializes the following system variables: 

i PART = 1S set -toy-the-valtte, eftpart inthe: students 
restart record. This: wi llsbe lv it-tnis as the first 
entry to the lesson, otherwise it will be the number of 
the part the student was in at sign off. 

2 NEXT" PART -= as-set to PART fin This maywee Reset. Lovany 

part number by the author during the execution of a 

part. 

SID$ - is set to the student s ID number: 

SNAME$ - is set to the student’s nickname. 


STUDENT$ - is set to the student's full name. 
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RESPOND’ CHARS$ - is set to the complete set of keyboard 
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characters. This variable defines which Keys will be 
recognized when receiving a student’s response. It may 
be reset by the author to any subset of the available 
Keys. 

NEXT’ LESSONS - is set to the name of the next available 
lesson. If the current lesson is the last in the chapter 
it is set to null. This variable may be reset to another 
lesson name by the author. 

NRESP, NOTIME, NRIGHT, NWRONG, NUNREC, and NF(0O) to 
NF(9) - are set to zero. These variables are 
collectively Known as the system counters. 

TIMEO$ - is set to the date/time that the student 
started the course. The form is YYYY MM DD HH:MM:SS. 
TIME1$ - is set to the time the student started this 
session. The form is HH:MM:SS. 

SPROMPT$ - is set to the standard system input prompt 
">". It may be reset by the author to any prompt string 
ofeupetorbl0tieharacters: 

SEDIT$ - is: set null: indicating no: default editing of a 
student's response. The author may assign a list of edit 
functions to this system variable. 

STIME - is set to 3600 seconds (1 hour), the system 
default time limit for a student response. The author 


may reset this system variable. 


After initialization, the procedure ‘lesson’ is called, line 


2130. The comment lines, 2020 to 2110, are the minimal 


internal documentation. 
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A line by line explanation of the execution of the 


procedure ‘lesson’ follows: 


ies 


2130 - This is the header statement of a lesson entry 
procedure. 

2140 - GET’ TIME is a CASTLE statement that returns the 
current time in the form HH:MM:SS in the string 
parameter. Buffer 0, B$(0), is set to the current time. 
2150 - GET’DATE is a CASTLE statement that returns the 
current date in the form YYYY MM DD in the string 
parameter. Buffer 1 is set to the current date. 

2160 - A blank and the current time, buffer 0, are 
appended to the current date in buffer 1. 

2170 - Buffer 0 is reset to the string "lesson 
endings01". 

2180 - This illustrates a call to a unit. The unit name 
is ‘welcome’ and the '&' prefix indicates that it is a 
system library unit. It might, for example, display some 
message to the student utilizing the contents of buffers 
0 and 1 as parameters. The exact nature and required 
parameters for all system library units would be 
maintained in system library unit documentation. The 
same type of documentation would be maintained by 
authors for their course, chapter, and lesson units. 
(see also Section F - Instructional Unit Language) 

9190 to 2370 - This is a LOOP structure that is repeated 
until all parts*of “the lesson are’ completed*or the 


student requests that the session be terminated (sign 
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Ottis 


a. 


2200 to 2310 - This is a CASE structure used to 
select the next lesson part to be executed. The 
value of part is initially set by the CASTLE system 
immediately after the lesson module is loaded and 
executed. It is reset by the CASTLE CHECKPOINT 
statement. This example lesson has four parts: 
intro, verb’ endings, noun’ endings, and conclusion. 
Each of these parts begins with a part entry 
procedure. For example, the header statement for 


part 2 would be: 


proc verb’ endings 


This procedure would be executed if part is set to 2 
and would be used to control that part of the lesson 
including the calling of other control procedures 
and instructional units. Control decisions can be 
based on the values set in the various system 
variables. If part attains a value outside the range 
of. part-numbers:in’ a “lesson 6 tuctor4 enact suicasey 
then the EXIT statement in line 2300 is executed 
causing an exit from the LOOP structure to line 
23005 

9320 - DELTA’ TIME is a CASTLE statement ‘that »returns 
jin the second parameter the difference of time 


between the current time and the time given by the 
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first parameter. Both parameters are strings of the 

form HH:MM:SS. If the first parameter is not of this 

form then the string *ERROR* is returned in the 
second parameter. The first parameter is unchanged 
by this statement. In this example the difference 
between the current time and the time the student 

started this session is placed in buffer 2. 

EAS) 2330l si bhis*tishan examp lenofeascaill }tosan® althor 
defined procedure. In this example, it would be 
executed after the completion of each part. 

de2co2340e-aRESET COUNTERSerscea CASTLE statements that 
sets to 0 all system counters. | 

e:°"2850c07 ‘RESET’ RESPOND’ CHARS SisNa €CASTEBestatement 
that resets the system variable RESPOND’ CHARS$ to 
the complete set of Keyboard characters. 

fect 2360seanCHECKPGINE fiesta CASTDE statement: that 
performs the following important actions: 

1) PART is set to the value in NEXT’ PART. 

2) NEXT’ PART is incremented by one. 

3) The new value of PART is stored in the student’ s 
restart record. If the student elects to sign 
off during the execution of this part, this 
value of PART will be recovered at the 
commencement of the student’s next session. 

8. 2380 - LESSON’ COMPLETED is a CASTLE statement that 
records in the student's record area that the current 


lesson has been satisfactorily completed. If all lessons 
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in a chapter have been thus marked completed then the 
chapter is marked completed. System lessons could be 
made available that would display the names of chapters 
in a course or lessons in a chapter, marking those names 
of completed sections with an asterisk, say. 

2390 - This statement would be executed at the 
complet ion vot tall Mparts! in the’ Wesson LESSON’ KAlist-a 
CASTLE statement that calls an indexed lesson. In this 
case lesson ‘endings02’ would be called. The first 
parameter is a string literal or expression and the 
second parameter is a numeric literal or expression in 
the range 0 to 99. To call a non-indexed lesson the 
author would use the CASTLE LESSON’ statement. It has 
one parameter, a string literal or expression, which is 
the lesson name, e.g. lesson’ ("final exam"). To call the 
next lesson of the default lesson order use: 

lesson’ (next’ lesson$). If the name of a called lesson 
does not exist then the next chapter is called. A forced 
call to the next chapter could be produced by the 
execution of lesson’(""). If there is no next chapter 
then the course is considered completed and the student 
isosagnedsoffs) Both LESSON wandeLeESSON: Xocause the 
student’s restart record to be updated with the names of 
the new chapter and\or lesson. 


9400 - This statement marks the end of the lesson entry 


procedure. 
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D. System Variables 


System Switch Variables 

The system switch variables are set by the UNIT 
interpreter. When a responce is requested, UNREC is set TRUE 
and all the other system switch variables are set FALSE. If 
the response is timed out, OTIME is set TRUE. If any of the 
categories RIGHT, WRONG, or F(0) to F(9) occurs in a UNIT 
then the system switch variable of the same name is set TRUE 


ape fUNRECe tsnsete FASE. 


System Numeric Variables 

1. LATENCY - is set to the response latency after each 
response is accepted. 

224 NEDTTEDGsiets a -vectGrawitherndirces:. 0 to 10e btiwiis 
referenced by the system comparison function CN and the 
system edit function NUMBR. 

3. NEXT’ PART - is used to hold the number of the next 
lesson part to be executed. 

4. NF(0O) to NF(9) - are system counters. NF(n) is 
incremented each time the category F(n) occurs in a 
UNIT. 

55) NOTINE*-aismansystem counters ltaise incremented each 
time the category OTIME occurs in a UNIT. 

6. “NRESPS- isha system counter..1t 1s anerementedseach time 


a response is requested in a UNIT. 
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NRIGHT - is a system counter. It is incremented each 
time the category RIGHT occurs in a UNIT. 

NUNREC - is a system counter. It is incremented if the 
category UNREC remains TRUE at each response request or 
when a UNIT is exited. 

NWRONG - is a system counter. It is incremented each 
time the category WRONG occurs in a UNIT. 

PART - is set to the current lesson part number. 


STIME - is used to hold the default response time. 


System String Variables 


ip 


LAST’ UNIT$ - contains the name of the last unit called 
in a lesson. 

LOWER’ CASE$ - contains all the lower case letters. It 
may be assigned to RESPOND’ CHARSS. 

NEXT’ LESSON$ - contains the name of the next available 
lesson. 

NUMERALS$ - contains the ten digits, 0 to 9. It may be 
assigned to RESPOND’ CHARSS. 

PRIVATE$ - contains the file name prefix to be used with 
files: thatYarefprivate to each student. 

REDITED$ - contains the student’s edited response. 
RESPOND’ CHARS$ - is set to the list of characters that 
will be accepted in a response request. 

RESPONSE$ - contains the student’s unedited response. 
SEDIT$ - may be assigned a list of edit funtions, 


separated by commas, and enclosed in quotation marks. 
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They are executed in turn after each response is 
accepted. 

SHARED$ - contains the file name prefix to be used with 
files that are shared by all students in a course. 

SID$ - contains the student’s computer id number. 
SNAME$ - contains the student’s nickname. 

SPROMPT$ - can be assigned a prompt message of up to 50 
characters. It is displayed as a prompt each time a 
response is requested. 

STUDENT$ - contains the student’s full name. 

SYMBOLS$ - contains all the non-alphanumeric keyboard 
characters available. It may be assigned to 

RESPOND’ CHARS$. 

TIMEO$ - contains the date and time that the student 
started the course, in the form YYYY MM DD HH:MM:SS. 
TIME1$ - contains the time that the student started the 
current session, in the form HH:MM:SS. 

UPPER’ CASE$ - contains all the upper case letters. It 
may be assigned to RESPOND’ CHARS$. 


E. System Functions 


COMAL General Functions 


The following COMAL functions are available to the 


CASTLE author. Refer to Lindsay (1983) for detailed 


descriptions: 
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ABS - absolute value (p. 1) 

ATN - arc tangent (p. 8) 

CHR$ - character represented by a given byte value 
bo. TFs 

EGSh= Cositiel tpee25a 

EXP - e raised to a specified power (p. 72) 

INT - integer value (p. 97) 

LEN - current length of a specified string (p. 103) 
LOG - natural logarithm (p. 110) 


ORD - ordinal byte value of specified character (p. 129) 


PEEK - byte value at specified memory address (p. 134) 
POKE - place a specified byte value in a specified 
memory location (p. 136) 

RND - random number generator (p. 167) 

SGNs © ar ithme ticy signsofe asnumbers ask -ay tigre ore 1 

ie eareal SEY, 

SIN°=«sine (po: 178) 

SPC$ - string of specified number of spaces (p. 180) 
SQR - square root (p. 182) 

STR$ - specified numeric converted to string form 

(p. 190) 

TAN - tangent (p. 194) 

TIME - system clock in sixtieths of a second. (p. 197) 


VAL - numeral in string form converted to a numeric 


( biye 208) 
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CASTLE General Functions 

Four additional general functions have been defined for 
the CASTLE procedure language: CNUM, EVAL, PMATCH, and 
ROUND. These are similar to functions of the same name in 
NATAL-I1. ROUND is called RND in NATAL-II which conflics 
with COMAL’s general function RND, random number (Honeywell, 
1981b, pp. 89-92). CNUM and EVAL allow the CASTLE author to 
extract numeric information from string data, PMATCH 
compares two strings, and ROUND rounds a number to the 
nearest integer. | 

The following are detailed descriptions of each 


function: 


1. CASTLE General Function CNUM: 


The function cnum may be used by a CASTLE author to convert 
a numeric string to a numeral. 


Prototype: return:=cnum(str$,p) 


Parameters: 
ag 
str$-- a string containing a-numeric of the following 
syntax: 
f+\-| [digits] Lidigits}fe\yeley=lldigits |] 
p - a pointer ointo -thesstringsfrom where to scan to 
find a legal numeric 
-QUT . . . 
le) - }f ca ulegal numer temis found; «points Sto *the ‘posi tion 


justeafiter: that numeric 
otherwise points to the position after the end of 


the string 


Return value: 
If no numeric is detected, 0 is returned. 
If the numeric would cause an overfiow, 1 is returned. 
Otherwise the converted number is returned. 


Error messages: 
If the numeric would cause an overflow, the following is 


displayed: 
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97 
castle error - cnum overflow 


2. CASTLE General Function EVAL: 


The Function eval may be used by a CASTLE author to convert 
a numeric expression in string form to a single number. 


Prototype: return:=eval(str$) 


Parameters: 
= IN 
str$ - a string containing the numeric expression to be 
evaluated 


Return value: 
The string is processed by procedure c’numbr then passed 
to procedure c’ expression for evaluation. The return 
value from c’ expression is returned. 


Error messages: 
castle error - division by zero changed to division by one 
castle error - numeral overflow 
castle error - numeral missing 
castle error - missing ' )’ 


Calls procedure c’numbr and function c’ expression 


Procedure C’ NUMBR called by function EVAL: 


This procedure changes’ all non-numeric expression string 
characters to spaces. 


Prototype: c’numbr(str$) 


Parameters: 
-IN 

strSteca stringroftanyscharacters 
Out 


etr$2- a-string containing. only character ssacesp table, for 
evaluation as a numeric expression by function 
c’ expression. 


Function C’ EXPRESSION is called by function EVAL: 


This function is used to evaluate a numeric expression in 
string form, converting it to a single number. 


Prototype: return: =c’ expression(str$,p,error ) 


Parameters: 
=IN 
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a string containing a numeric expression in 
standard form but ending with a non-numeric, 
spaces between operators and numerals are 
permitted, 

the five basic operations (+-*/|) and parentheses 
are allowed 


a pointer to the first character of the expression 


points to the non-numeric following the expression 

Merdiviston by zero would! occur, error is. set ‘to 4 

if a numeral would cause an overflow, error is set 
ee 

if°a numeral is missing, error is set to 3 

if a closing parenthesis is missing, error is set 
to 4 

otherwise error is not changed. 


Return value: 
If no expression is detected, 0 is returned. 
Otherwise the converted expression is returned with the 
following conditions: 


Exception: 


if division by zero would occur, division by 1 is 
executed 

if a numeral would cause an overflow, it is 
replaced by 1 

if a numeral is missing, it is replaced by 0 

if a closing parenthesis is missing, it is 
assumed. 


If the evaluated expression causes an overflow, a system 
overflow error occurs and control passes to the COMAL 


system. 


Be CAS ILE General’ Funct1one PNArCE: 


The function pmatch compares stri$ to str2$ and returns the 
percentage of character positions which contain the same 
characters in both strings. 


Prototype: 


return:=pmatch(str1$,str2$) 


Parameters: 


= TN 


stri$ and str2$ - the strings to be compared 


Return value: 1. ar 
The percentage of character positions containing the same 


character. 


4. CASTLE»General: Function ROUNDE 


Be 


Mt aer 2 aariqts Seume ‘ 4 omno? 
ef ay we OR By ne. tw oath es agen | 


- 


ate 3Ps16mun bas aAgts 
s9eont Aare. ote, Ue 
note2e2asgxe onl 36 Netas Be Tenth 19° 


ngraesianS Sadi ontwothor sd 1ainuct~net 
) ON) 152 1ST ONS ees blucw onem , 
3 ah Yot1s | pWwOIAASVOr NE) Beus tha ‘pe 


ioe Bi AOI rire aro ph f ae 
enh ee tm a Pie 29) Saeens efit 


‘bspnerlo. Fon eg ne sewrertte 
x iv so ed Be 
beres 2st) 0 ; pee Bt hot a 


eat ADiW. Bom IS7) 21 not eaqgne vi oa 13 
Oe agnor brie: STEW . 
af} WG oT Peavaas IUBOo. ti WOW Ones KG vit etinth ‘ 
. betvoexd 67 i 
2% Th. Welt tSe¥O Ns Seuss bP! {even a TF # ; 


0 ve bens qen ah. i Qctecrm aI Liap 6 Fh += 
et ?F \paraptm et seeing teq@gntiects. 6. ae ht a 
. | hemes o 


cary 


ae 


heleyva 6 .wolttsvS Gh 23252 nc) te@hane easton EM. : 
JAMOD -wis-0F “esesbo: aotriso brig imespandh nonmne: wot pm 


i. 


7 an 


tan 
desta nor? bel 


e nine titod at Sets "sete 2 
(@Sare, a) ata tetas npn i 

; \ ; 
bs 1soMed ad oF anita oF > 295t8 bn P | 


1 


and) 2rinw!s7. BRS ginte of <¢f phe 2a 
ense adi mpstpbo dotdw ens dire 


emee afi piinisiway aol teen wieersao te 


av 


 & “(vUOR Wot tonua fe 
7 ew 2 7] ae 


39 


The function round returns a number rounded to the nearest 
integer. 


Prototype: return:=round(number ) 
Parameters: 
NN 

number - the number to be rounded 


Return value: 
number rounded to the nearest integer. 


System Comparison Functions 

These functions are used in UNIT categorization 
statements to compare a specified target with the student's 
response. They may also be used in creating user defined 
comparison functions. The following three functions are 


currently included in the CASTLE design: 


1, CASTLE .Comparison Funetton 9CCe-“comodgre character: 


Function cc is the compare character function of NATAL-II. 
It may be used in much the same way as in NATAL, with the 
following exception; ail parameters must* be speci fied: 


Prototype: return:=cc(target$,word, spec$) 


Parameters: 
Sa 
target$ - this is a string literal or expression which is 
to be compared with the edited student response 
in redited$ 
- "*" will match any single character 
- "&" will match any string including the null 


string 
- ' ™ ais-used to separate: alternate sresponses 
- "(" and ")" are used to group alternate 


responses, but nesting these will return 
unpredictable results 
- examples: "a,b" is equivalent to "(a,b)" 
"8a" will match anything up to the 
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"Ga céaa vewil! fmatehr”:.. ga” but not 


"a,(b,c)" will return unpredictable 
results; useo"a;b,c” (which is 
equivalent 

"&(a,b)" will match anything; use 


"8a, &b" 
"(8a,&b)cl(e,f)&" will match: 
Hee OOO tsi, 
&. MHdcfh ol 
Eee LG ie, 
eee OO hae 


“&*abcd" will match anything; use 
“*G@abcd", at least one character 
will precede "abcd" 
In the above examples the letters may 
be replaced by any suitable substrings 
which could include "*" or "8" if they 
are not adjacent to each other or the 
substring boundary. 
word - this is a numeric literal or expression which 
indicates at which word in redited$ the 
comparison is to begin 
- if less than 1, the comparison begins at word 1 


spec$ - is a string literal or expression which may be 
used to alter the characters used for "*&(,)}" in 
target$ 


- if null, no substitutions are made; otherwise up 
to the first five characters of spec$ are used 
as substitutes for —"*&(,)" in that order 


Return value: 
TRUE is returned if a match succeeds, otherwise FALSE is 


returned. 


Refers to system variable redited$ 


2 wecNSTLE Compar tsonmhunet Ton eem j- tcompareskeyTetter: 


Function ck is the compare keyletter function of NATAL-II. 
It may be used in exactly the same way aS in NATAL, except 
all parameters must be specified. 


Prototype: return:=ck(target$,criterion) 


Parameters: 
ae =sathis is. a string literal or expression 
containing one or more words 
- each word represents a word skeleton to be 
matched, in the same word order, with a word in 
the edited student response in redited$ 
- example: word skeleton aveV CwoUleianatch “rcv” ; 
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_recieve", "receive", "recover", or 
_XXXPXXXCXXXVXKK" but not "rvc", "review", or 
Cavort - 


emmcerion) > has. ts. ao numeric. lateral or expression 
indicating the minimum number of words in 
target$ that must be matched 
- if 0, all words in target$ must be matched 


Return value: 


aac TRUE if the criterion is met, otherwise return 


Refers to system variable redited$ 


3e7 (CASTLE Comparison. Function CN - compare numeric: 


Function cn is the compare numeric function of NATAL-II. It 
may be used in the same way as in NATAL, except all 
parameters must be specified. 


Prototype: return:=cn(target,tolerance,word) 


Parameters: 
-IN 
target - 18 a numeric literal or expression which 
evaluates to the number that is to be matched 
tolerance - is a numeric literal or expression which 
evaluates to the allowable absolute difference 
between the target and the response 

- for matching integer targets and responses 
exactly, it may be set to 0 

- for matching real targets or responses, it 
should be set to a value that allows for 
computer inaccuracies in the ninth least 
Significant digsntj e.g for target=4523..34, 
set tolerance=0.00001 to match resposes 
AG28eB3899S° tor4o2sns 4001 tac. 

word - is a numeric literal or expression that 
indicates which position in the system vector 
nedited contains the response to be compared 

-sif wordtis “less@thanat nt asese he tomiar tate 
isedreater: thaneiG. il 1S sets tow’ 

- if the system edit function numbr has not been 
called since the last execution of the 
response statement, it is invoked by the cn 
function 


Return value: ae 
Return TRUE if nedited(word)=target within the tolerance, 


otherwise return FALSE. 


Calls procedure numbr 
Refers to system variables nedited and redited$ 
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System Edit Functions 

These functions may be used as general functions in the 
CASTLE procedure language, e.g. in the creation of a user 
defined edit function. They are also used, without 
parameters, with the SEDIT$ system variable and in the UNIT 
EDIT statement. When used in this way the parameter STR$ 
refers to the REDITED$ system variable and the parameter 
VECTOR refers to the NEDITED system vector. The function 
CHANGE may not appear in a UNIT EDIT statement or be 
assigned to the SEDIT$ system variable. See the definition 
of a Character Swap String in the EDIT statement definition 
in Section F, Instructional Unit Language. The following 


EDIT functions are defined: 


{. etGASTLEneditiekunctiobeAbReA: 


Procedure alpha changes all string literal numerics (which 
May, contain, a decimal point; “apsion, Ore Dem imal. notation) 
to spaces in a given string and then executes the procedure 
mulsp on the string. 


Prototype: alpha(str$) 


Parameters: 
-IN 

str$ - the string to be operated on 
SOT. 


str$ - the changed string 


Calls procedure mulsp 


silt nt anoifonuw? lerbnee ge bec ad ook aac | 


ieey 8 Fo noliserg ond™at 09  sgpughial smibsoerg @ 

tuetitw begy eels ee Agari mae torus 1 tbs Ib 

(iv et? nt bis eleshisy meteye arngae. artt As tw 98 | ue 
gate rvetemsnee sat yow erry ne ‘See sete ohn deka 

vatemsiha act) Brie sidairav mor eye. eaaTican asta 

net tomu? eA Oiosy malewe O37103M eA? of axste 

ed, to Snanmeteta 1102 rin & nit yaeaas tor. 

not lini tab ad? eae eideirev medeye #ias2 eri one 

not finite Jesmetieta: THOS ort? rt pntnde qewe “gt a 

ontworle? sdf sepeuprs! 2 tru fees? T8Urp ar! “3 rol 


sbantieb nig ond ; 


AH DIR moon? fiba AUTZAD 


| 1 
2 epi tl octintsa (fs aria ‘ediqi's eu ae 
ipiteton ,. Gre « ,intog Towioebd s nt ein ah 
erhsoorg } bre, erase pee 5 af ; 


— aia 
sink laste) orig! s equi 


ne uelanenp 4d of priisie ‘entd = f 


é , pntata. bepnsdo: rtd a 2 
* - a 


_ ; [o4 108 oad ’ : u o~ tila 7 
J : f. 7! aie) 7 ; ; V 


: am ‘ : (Es fa ie : “4 : i | . J i 
7 Ris Oe Berea, ~*~ ae y 


DaesCASTLE® Ed ite ituinetion. Chance: 


Procedure change replaces one substring with another 
substring in a given string. This replacement may be for 
all occurances of the replacement substring or for a given 
maximum number of occurances in the original string. 


Prototype: change(count,a$,b$,str$) 


Parameters: 
=IN 
count - if *lessithane., sah) oeceurances: of taStinastrSeare 
replaced with b$; 
otherwise, a maximum of ‘count’ occurances of a$ 
are replaced 


a$ - substring to be replaced 
- if nul, no replacement is made 
b$ - replacement substring 
- if nul, a$ is deleted from str$ 
str$ - string in which specified occurances of a$ are to 


be replaced by b$ 
- a$ and b$ may be of different lengths 
-OUT 
str$ - the changed str$ 


SeeesGhortce EQno, Function NURSE: 

Procedure mulsp removes all leading and trailing spaces and 
changes all multiple spaces to single spaces in a given 
string. 


Prototype: mulsp(str$) 


Parameters: 
aL 

str$ - the string to be operated on 
SOUT 


str$ - the changed string 


4. -CASTLE Editwtumction NUMBR: 


Procedure numbr extracts string numerals embedded in a 
string, converts them to numerics, and places them in a 


numeric vector. 


Pretoilype: numbr (dimension, vector, str$) 


Parameters: 
7IN 
dimension - gives the maximum length of vector 
str$ - the string containing the list of numerals 
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- each numeral must be separated from each 
ane adjacent numeral by at least one non-numeric 
vector - references a user created numeric vector of 
dimensions (0:dimension) 
- vector(Q) returns the number of numerics found 
in str$ 
- sf “str $“cont ains noxnuhierics, vector (0) wil) 
be set to 0 
- << Prapnumerien0 1s detected as the 
‘dimension’ th numeric in str$, vector(0) will 
equal ‘dimension’ - 1 
+ HTeSer SIPS nth ie esvectoriy Cie wines pexSsete Lond 
- if the number of numerals in str$ is greater 
than dimension, vector(0) will be set to 
dimension and only the first ‘dimension’ 
numerals will be converted 


Carrs) Funct ton: chum 


orer GASTI LCE Edit FuncitionkPuNnGce 


Procedure punc changes the basa Ga aac characters 
to spaces in a given string: ' Se 


Prototype: punc(str$) 


Parameters: 
- IN 

str$ - the string to be operated on 
=U 1: 


str$ - the changed string 


6. (CASPEE Ed1 ti Functions: SEDN and SHUe: 


Procedure shdn may be used by a CASTLE author to shift all 
upper case characters in a string to lower case. Procedure 
shup does the reverse. 


Prototypes: shdn(str$) 
shup(str$) 
Parameters: 
-IN 
stro. > ithesstring tosbesiitted 
“OUT 


str$ - the shifted string 


Jo CASTLE Edit Function SYMB: 


Procedure symb changes every character that is not an 
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alphabetic character to a space in a given string and then 
executes the procedure mulsp on the string. 


Prototype: symb(str$) 


Parameters: 
-IN 
oe - the string to be operated on 


str$ - the changed string 


Calls procedure mulsp 


System Graphic Functions 
A full set of graphic functions has not been defined 
for CASTLE. the following graphic functions may be used in 


creating user defined graphic functions: 


PaaGAS+LEY Graphic: Fonetivionwson 
Procedure box draws a box on the display screen. 
Prototype: box{top,bottom, left,right ) 


The parameters define the ‘top’ and ‘bottom’ rows, and 
the ‘left’ and ‘right’ columns of the box. 


2a acAS) LE Graphics lune ti1On oO ast ee 


Procedure box’ hline draws a horizontal line between two 
vertical lines. 


Prototype: box’ hline(row, left,right) 

The- line 1scdrawn In row wows -from-coJjunn es weht | to 
éoiumayerightwe, lt 1s assumed™that vertical: lines exist 
in. columns, “left .and night... 


8) “CASTLE (Graphi cekuncUtone bun aVeINE.. 


Procedure box’ vline draws a vertical line between two 
horizontal lines. 


Prototype: box’ vline(column, top, bottom) 
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The line is drawn in column ‘column’ from row ‘top’ down 
to row ‘bottom’ . It is assumed that horizontal lines 
exist in rows ‘top’ and ‘bottom’. 


CASTLE Graphic Function BOX’ WINDOW: 


Procedure box’ window draws a box on the display screen 
and creates a display window inside the box. 


Prototype: box’ window(top,bottom, left,right) 

This procedure calls the following two procedures: 
box(top,bottom, left,right ) 

set’ window(topt+i,bottom-1, left+1,right-1) 

CASTLE" Graphic Funct lone CROSSBAR? 


Procedure crossbar draws a crossbar at a character 
position where a vertical and a horizontal line 
intersect. 


Prototype: crossbar (row,column) 
A crossbar is drawn at row ‘row’ and column ‘column’ of 
the display screen. It is assumed that a horizontal and 


a vertical line pass throught the specified character 
position. 


CASTEBAGFaphic Pune GronenialNce 
Procedure hline draws a horizontal line. 
Prototype: hline(row, left,right ) 


/ 


Fhe -bines is drawn in fowierow tron co7umns left Vto 


colUMNye re ighio® 

CASTEE Graphic -runet ion PAGE. 

Procedure page clears the currently defined window and 
places ‘the-cursor at thetopeleft cornergof the window. 
If no window is defined the whole screen is considered 
the currently defined window. 

Prototype: page 

CASTLE Graphic Function SET’ WINDOW: 

Procedure set’window defines a display window. 


Prototype: set’ window(top,bottom, left,right) 


The parameters define the ‘top’ and ‘bottom’ rows, and 
‘left’ and ‘right’ columns of the window. 
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CASTLE Graphic Function VLINE: 
Procedure vline draws a vertical line. 
Prototype: vline(column, top,bot tom) 


The line is drawn in column ‘column’ from row ‘top’ down 
Lo Pow bottom. 


Instructional Unit Language 


The CASTLE UNIT is a faithful implementation of the 


NATAL-II UNIT with a few exceptions that are explained in 


the statement descriptions affected. For a complete 


description of the NATAL UNIT see Honeywell (1981b, 


pp. 27-30 & 61-66). A UNIT may have one DISPLAY statement 


followed by one RESPONSE statement which in turn may be 


followed by the UNIT body. A description of each UNIT 


language statement follows: 


1 


CESTLE UND) DESC EATSStatemene: 


Pretotype* DISPLAY ON <device7 etext? 


The DISPLAY statement passes <text> to the display 

sub- language interpreter for formatting and display on 
<device>. Currently two devices are supported, PRINTER 
and SCREEN. There may be only one DISPLAY statement per 


UNIT and it must be the first statement. It is optional. 


GASTLE UNIT RESPONSE: Statement.” 
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Prototype: RESPONSE [ON <device>] [<qualifier-list>] 


The RESPONSE statement requests a response on <device> 


under the conditions of the <qualifier-list>. Currently 


only one device is supported, KEYBOARD. The fol lowing 


gQualifiers are supported. 


ay. 


APPEND - Each response, when accepted, is appended 
to the previous response, separated by a space, in 
the system variable RESPONSE$. The default is not to 
append. 

NCHAR=n - The response is limited to n characters. 
If more than n characters are typed, response 
acceptance in terminated. The permissible values for 
n are from i to 100. The default value for NCHAR is 
400. 

TIME=n - The response is limited to n seconds. If 
the response time exceeds n seconds, response 
acceptance in terminated. The default value for TIME 
is the value of the system variable STIME. 

RESPONSE WINDOW {TOP,BOTTOM,LEFT,RIGHT) - This 
defines the display window, within which the 
response when typed, will appear. It is always 
cleared first and SPROMPT$ displayed in the top left 
corner of the window. The default parameter values 
are d( FOS, Anos 

REPRISE WINDOW (TOP,BOTTOM,LEFT,RIGHT) - This 


defines the initial display window setting for any 
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REPRISE statement executed in the UNIT body. It is 
set and cleared immediately after a response is 
accepted. The default parameter values are 
tne 354) 80 
The NATAL qualifiers FONT and TYPE have not been defined 
in CASTLE. The NATAL qualifier POSN has been replaced by 
RESPONSE WINDOW. After execution of a RESPONSE statement 
the following system variables are affected: F(0) to 
F(9), RIGHT, and WRONG are set FALSE; UNREC is set TRUE; 
if the response was dottbhia time OTIME is set TRUE and 
NOTIME is incemented, otherwise OTIME is set FALSE; 
LATENCY is set to the response time in seconds; NRESP is 
incremented; and the response is placed in REDITED$ and 
RESPONSE$. If there are any edit funtions assigned to 
SEDIT$, they are executed in order before the unit body 
is executed. There may be only one RESPONSE statement 
per UNIT and it must follow the DISPLAY statement if 


there is one. The RESPONSE statement is optional. 
CASTLESWNIT Body. 

It is comprised of any number of COMMENT, EDIT, 
Categorization, and Reprise statements in any order. 


a. CASTLE UNIT EDIT Statement: 


Prototype: EDIT <edit-list> 
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The <edit-list> is made up of two types of edit 
items: Edit Function references and Character Swap 
Strings. An Edit Function reference consists of the 
name of an Edit Function. A Character Swap String 
CONSISES Of (TWO Strindsea (sthind li cand? strings - 
When on EDIT statement is encountered each edit item 
vs executed ineturns For*atcharacter Swap Strang. the 
rohlowimngt oéeur sol f Gsiriingi? isendi) then 
“string2" is inserted at the beginning of REDITED$S, 
otherwise the function CHANGE is called with 
“stringi", "“string2", and REDITED$ as parameters. 
All occurances of "stringt" in REDITED$ are replaced 


wa thassitring2. 
CASTLE UNIT Categorization Statement: 
Prototype <category> <target> 


<category> may be one of F(0) to F(8), RIGHT, or 
WRONG. <target> is a boolean expression containing 
any number of comparison functions as operands 
separated by one of the boolean operators AND or OR. 
An operand may be prefixed with NOT and/or replaced 
by a parenthesized <target> boolean expression. This 
is a slight difference from NATAL which permits the 
operand to be replaced by any boolean expression. 


When a Categorization statement is encountered 
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<target> is evaluated as TRUE or FALSE and 
<category> is assigned that value. If evaluated TRUE 
then the counter for <category> is incremented and 


UNREC is set FALSE. 
CASTLE UNIT Reprise Statement: 
Prototype: <action> <category> <text> 


<action> may be either REINForce or RETRY. 
<category> may be one of F(0) to F(9), RIGHT, WRONG, 
UNREC, OTIME, or RENTRY. The NATAL category RTYPE is 
not supported. RENTRY is set TRUE if the unit was 
called by a REPEAT statement for the second or 
subsequent time in a lesson. If <category> is TRUE 
and this statement is either the last reprise 
statement for this category in the unit or has not 
been previously executed in this lesson, then <text> 
is passed to the display sub-language interpreter 
for formatting and display on the display screen. On 
return from the display sub-language interpreter, if 
<action> is RETRY then control is passed to the 
UNIT’ s RESPONSE statement, otherwise <action> is 
REINForce and control is passed back to the routine 


that called the unit. 


brie 3255" to, SUR) ami 7 


JUYT peatenisve:.F! Sana tant 


jnonet sti 6e net THA AUTeAD ASE 
— . ae al f; / 
(ixel> *yvaapers 3) tothe > reyylotont . 
/ ie) 
Khe 4 ts 
YRTBR no ea tats) atte oh yee, no htos? 


AVR. HEP 11 et (0)? to she eae tangas 
Si FEN TR ype so IAT AM ert VATE Ae BML TO ARMY ia 

2bw  iing aap 7b SORT tae 2 CAT bes -rocene fon 7 a 
19 bhosee sft 10% dramsiate: [ AaRSR: p yd beffso- (0 

IURT of <wnege ts +1 novdel mi ae pane f 

setagen test ent roriits 2h Sageeiinge eins mes i 

“toe ged ao) Didusdt ht vagal aa) Bee feat Ariemeit sta a 

jxate neal . eeeet ey of osiooere WAwi vere need hn : 
1stangseta speups! “tbe wat cent ‘eat 0} ‘Sseeeq at a 

nl. nseese vei.geib Spt to #10 9 Ny i gi tae not 

+i  Jsiorgibg at st "cue yshael ent mo4} Asuten, 
add of beeesd-24 Weeditos relay YRISH at tnobtas>: 

Zt enone 36? aptwnedto ineneta he aeMORe 3A beamlets x cs 


_ 

entiuot oA? od Nosed inseena af tenbeta bee so70 WIAA ee 
Fi 

thew Sr bal lao tort 


a} 


112 
The UNIT Body may only be entered from a RESPONSE 


Statement or through a RENTRY reprise statement. 


Invoking the CASTLE UNIT Interpreter: 


The following procedures are used by an author to invoke the 
CASTLE UNIT interpreter. The two "unit" procedures are 
called when the named unit is to be executed from the 
beginning of the unit. The two "repeat" procedures are 
called when the named unit is to be entered at the next 
RENTRY reprise statement. If the named unit is not one of 
the most recent ten units called in the current lesson or 
there is no RENTRY reprise statement in the unit, the unit 
is executed from the beginning of the unit. The two 
procedures with the "x" suffix are used to call units with 
indexed names. Indicies may range from 0 to 99. An index 


outside this range will cause an error message to be printed 


and will pass control back to the COMAL system. 


Prototypes: unit’ (name$) 
unit’ x(name$, index) 
repeat’ (name$) 


repeat’ x(name$, index) 


Parameters: 
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name$ - the name of the unit to be called 
- if an indexed call, the base name of the unit to 
which the index number, converted to two 
characters, is appended 
index - a numeric expression which should evaluate to an 
integer in the range 0 to 99 


=othe:tunit “?tndex 


G. Display Sub-Language 

The display sublanguage is used to format text and 
graphics on the student’s display screen. It may also be 
used to format text on a printer. Input to the display 
sub- language interpreter is lines of text to be formatted 
and command lines containing formatting commands. These 
lines may be mixed in any order that will produce the 
desired results. 

A command line begins with the control command 
character. The default control command character is the 
ampersand, ‘&’. One or more commands may follow separated by 
commas. Some commands must be the last command on a command 
line. This will be pointed out in the following command 
descriptions: 

1. &A - As-is: The following lines of text are displayed 
as-is. Command lines are thus not considered command 

lines and are displayed as-is with the exception that &Z 


is recognized as the terminator of As-is mode. The é&A 
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command must be the last one on a line. 

2. &B(top,bottom, left,right) - Box: This command calls the 
CASTLE Graphic Function SET’ WINDOW with the given 
parameters. 

3. &C(row,column) - Cursor Positioning: This command 
executes the COMAL statement CURSOR row, column. 

4, &E(top,bottom, left,right) - Erase Window: This command 
calls the CASTLE Graphic Functions SET’ WINDOW. with the 
Given parameters, and PAGE. 

5. &Fn - Font Selection: Select font number n. The meaning 
of each font number is implementation dependent. Font 0 
is the default font containing upper and lower case 
alphabetics, numerics and punctuation symbols. 

6%. &Gn--“Graphics Display: Call .user graphicefunctionrn, 
UGFn 

7. &H<text> - Highlight Text: <text> is displayed in 
reverse video, separated from surrounding text by a 
blank. This must be the last command on a line. 

8. &In - Indent Text: The following text will be indented n 
spaces from the left edge of the display window. It 
remains in effect until either an &10 or &R command is 
issued. 

9. &Kn - Keep Lines: If less than n lines remain on the 
current page, issue an &N command. 

10. 8Bne-- Skips Lines: lssue n+1 carriage return / line 
feeds. &LO or &L starts a new line. 


11. &M<text> - Midpoint Text Display: A carriage return / 
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line feed is issued and <text> is displayed centred 
between the left and right edges of the current display 
window. <text> is truncated on the left and right to fit 
if needed. This must be the last command on a line. 
&MH<text>, for highlighting text, and &MU<text>, for 
underlining text, may be used. 

&N - New Page: An &WO command is issued and the PAGE 
function is called. 

&P«- Paragraph: A carriage return / line feed is issued 
and the following text is prefixed by five spaces. 

&Qc - The control command character is changed to 
character c. c may be one of the following: ! " #$ % ' 
or &. 

&R - Reset: Commands B, F, I, and S are reset to their 
default settings. 

&Sn - Line Spacing: n carriage return / line feeds are 
issued after each line of formatted text is displayed. 
The default setting is &S1. &SO is not recognized. 

&Tn - Tab: The COMAL function TAB(n) is called. 
&U<text> - Underline Text: <text> is displayed with each 
character and included space underlined, separated from 
surrounding text by a blank. This must be the last 
command on a line. On some devices underlining may be 
erased if underlined text is not followed by a blank 
line on the display. 

Vn - Display String Value: The contents of buffer n, 


B$(n), are formatted for display. 
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24. 


&V(<image string>,<numeric expression>) - Display 
Numeric Value: The following COMAL statement is 


executed: 


PRINT USING "<image string>": <numeric expression), 


If the value is to be separated from surrounding text by 
blanks, these must be in the <image string>. 

&Wn - Wait: The display pauses for n seconds. &WO 
displays the message ' Press RETURN to continue’ on the 
bottom line of the display screen and waits for the 
RETURN Key to be pressed. 

&YC<text> - Comment: <text> is a comment and is not 
displayed. This must be the last command on a line. 
&YD(<display file name>) - Display External Text: 
<display file name> is the name of a file containing 
source text and commands for the display sub- language. 
It is accessed and interpreted before proceeding to the 
next line. 

&YW(row,column,<window file name>) - Preformatted 
Window: <window file name> is the name of a file 
containing parameters and text of a preformatted window. 
‘row’ and ‘column’ indicate the position of the top left 
corner of the display window. The file contains two 
parameters: ‘number of rows’ and ‘number of columns’. 
The SET’ WINDOW function is called with the following 


parameters: (’row’, ‘row’ +’number of rows’ -1, ‘column’, 
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‘column’ +’ number of columns’-1). The window is cleared 
and the preformatted text in the file is displayed in 
the window. 
25. &Z - This command terminates As-is mode. It must be the 
first command on a line. 
In the above commands, a page is considered the current 
display window. The initial display window for a DISPLAY 
statement is the entire screen less the bottom line which is 
reserved for system messages. For a Reprise statement the 
initial display window is the REPRISE WINDOW set in the 
RESPONSE statement. When a display window has been filled 
with formatted text, an &N command is automatically issued 
before more text is displayed. 

The numeric parameters in the above commands may be 
numeric expressions that may reference the system numeric 
registers, C(0) to C(99), as operands. 

The CASTLE Display Sub-Language closely follows the 
design of the NATAL Display Sub-Language but there are 
substantial differences (see Honeywell, 1981b, pp. 69-81). 
These differences have been introduced to simplify the 
commands and to increase the efficiency of the Display 


Sub-Language interpreter. 
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V. Design Specifications for the CASTLE Support System 
The CASTLE system is implemented by four support 
sub-systems: the courseware development sub-system, the 
courseware presentation sub-system, the registration 


sub-system, and the performance analysis subsystem. 


A. The CASTLE Registration Subsystem 

The registration subsystem is needed to identify and 
Keep records on the users of the CASTLE system and the 
courseware that they will use. There are three parts to this 
subsystem: course registration, class registration, and 
system library registration. System programs are used to 
maintain these records. These programs allow for the 
addition, deletion, reviewing and updating of records. For 
the protection of these system records, access to the 
various levels of the registration subsystem is restricted 


by passwords. 


Course Registration 
Each course to be developed or accessed by students 

must be registered. For each registered course the following 
must be maintained: 
1. An entry of the course name and its internal reference 

code in the system’s course names file. 
9. A course header file. In this file is maintained: 

a. A password. This must be used by the author to gain 


access to course record maintainence routines and to 
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the courseware development system to develop lesson 
modules and instructional units for the course. 

The access status. A course may be locked, 
indicating that it is under development and may not 
be used by a class of students. An unlocked course 
may also be permitted for browsing. That is, a 
non-registered student can have access to the course 
using the courseware presentation browse mode. 

The default chapter order. This is a list of 
internal chapter codes indicating the author’s 
preferred chapter order. 

The course internal documentation. This should 
include but not be limited by: 

1) The course creation date. 

2.) sathexcour seis: long descmipt tve ttit lex 

3) The course author(s). 

4,)° Theainst ttutiion to frorigain. 

5) The existance of external documentation. 


A course chapter names record. 


For each chapter of a course the following must be 


maintained: 


i 


2K 


An entry of the chapter name and its internal reference 


code in the course chapter names record of the course 


header file. 


A chapter header file. In this file is maintained: 


a. 


The default lesson order. This is a list of internal 


chapter codes indicating the author’s preferred 
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lesson order for the chapter. 
A chapter lesson names record. The name of each 
lesson in the chapter and its internal reference 


code is maintained in this record. 


Class Registration 


instructor who wishes to use a CASTLE course with a 


group of students must register the class and the students 


with the CASTLE system. The class name is the course name 


with a two digit class number appended. For each class the 


following must be maintained: 


i 


An entry of the class name and its internal reference 


code in the system's class names file. 


A class header file. In this file is maintained: 


a. 


A password. This must be used by the instructor to 
gain access to class record maintenance routines and 
performance analysis routines for the class. 

A list of the computer ID numbers of all students in 
the class. 

The class chapter order. This is a list of internal 
chapter codes indicating the default chapter order 
for students in the class. This could be a direct 
copy of the course author’s preferred chapter order 
from the course header file. The instructor may, 
however, rearrange this chapter order, or insert 
chapters from other courses or from the system 


library. If chapters from other courses are to be 
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used, these courses must be registered with the 
system and a list of pointers to these external 
chapters maintained in the class header file. 
The class internal documentation. This should 
include but not be limited by: 

1) The class creation date. 

2) The class instructor. 


3) The institution to which the class belongs. 


3. A student registration file for each student. The 


following records are maintained in each student 


registration file: 


a. 


A password. This must be used by the student during 
the sign-on procedure at the beginning of each 
computer session. 

A review mode permit flag. This flag is set on if 
the student may use the review courseware 
presentation mode. 

A current mode flag. This flag is set on if the 
student is currently in the review mode and set off 
if under direct courseware control (controlled 
mode). At registration this flag is set off. 

The chapter order. This is a list of internal 
chapter codes indicating the chapter order for this 
6étudéntovdtéecouddibeeatiidimect Scopysotimthe class 
chapter order or the order may be modified by the 
instructor and could include external chapters 


linked to this class 
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e. A lesson completion map. This is a boolean two 
dimensional matrix. Each row represents a chapter in 
the order of the student’s chapter order record. 
Each column represents a lesson in the order of the 
chapter author’s default lesson order in the chapter 
header file. 

f. A controlled mode restart record. The contents of 
this and the following record are described under 
the courseware presentation subsystem. 


g. A review mode restart record. 


System Library Registration 

The system library may contain chapters, lessons, 
units, displays and windows as identifiable elements. A 
system name file is maintained for each type. These system 
elements are developed and tested by course authors. When 
ready for entry to the system library, the internal 
documentation for the element is updated to indicate that it 
is now in the system library, and the system library 
registration routine is called to rename the element and to 
place its name and internal reference code in the 


appropriate system name file. 


B. The CASTLE Courseware Development Subsystem 
An author creates a course by developing lesson modules 
in the CASTLE procedure language and instructional units in 


the unit language and display sub- language. 
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Lesson Module Development 

When a lesson name is registered, the sytem creates a 
lesson module which contains the CASTLE run-time routines, 
internal documentation statements, and the skeleton of the 
lesson entry procedure. A lesson module is stored on disk as 
a COMAL program file. The courseware development subsystem, 
at the request of an author, will load any desired lesson 
module into the active workspace for editing. Al] COMAL 
system commands are available to the author while editing a 
lesson module. 

Below is the skeleton lesson module provided by the 


registration subsystem. 


2000 castle 


2010 

2020 // Course: 

2030 // Chapter: 
2040 // Lesson: 

2050 

2060 // Created: 
2070 // Revised: 
2080 

2090-77, futher: 

pOOe/ (o inestetution: 
2110 

2200 proc lesson 
2300 loop 

2400 case part of 
2500 when 1 

3000 otherwise 
3100 exit 

3200 endcase 
3300 checkpoint 


3400 end loop 
3500 lesson ie] 
3600 endproc lesson 
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The only program statement in a CASTLE lesson module is line 
2000 which calls the ‘castle’ initialization procedure which 
in turn calls the ‘lesson’ entry procedure. To test a lesson 
module the author simply issues the COMAL RUN command. In 
testing a module, care must be taken not to execute a lesson 
call statement as in line 3500, since this would load in 
another lesson module and the current one would be erased. 
Placing an exclamation mark (!) just after the line number 
will make the statement a comment which will not execute. 
The comment symbols may be erased before the module is saved 
on disk. 

The COMAL language is implemented as a three-pass 
semi-compiler. The first pass is in the COMAL editor which 
checks each statement as it is entered for correct syntax. 
The second pass occurs when the RUN command is issued. A 
complete scan of the program is made to ensure that all 
procedures, functions, and control structures are proper ly 
closed. The third pass executes any program lines. If there 
are no program lines, just procedures and functions, then 
the third pass does nothing. Since line 2000 is the only 
program line in a CASTLE lesson module, it can be made a 
comment so that the RUN command will simply execute the 
second pass checks. 

To save a lesson module to disk an author performs the 
following steps: 

1. Make line 2000 a comment. 


9. Issue the RUN command. 
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3. Type save’ lesson and press RETURN. 

Save essom 16 faCAS] Lew rout pneimsha te: 

ay kestorées line 2000 as a ‘non-comment line. 

b. Updates line 2070 with the current date and time. 

c. Replaces the old copy of the lesson module on disk 
with the current updated copy. 

d. Loads and runs the courseware development command 
routine. 

The COMAL SAVE command should not be used. 

The following COMAL commands may be used by the CASTLE 

author in editing a lesson module (Lindsay, 1983): 

1. AUTO [<starting line number>] [,<line increment>] (p. 9) 
This command creates program line numbers automatically 
beginning with <starting line number>. Each successive 
line number is incremented by <line increment>. The 
default <starting line number> is the highest line 
number currently used plus 10. The default <line 
increment> is 10. Null lines may be entered to increase 
theereadabi lity of 1istings.mlorexits the AUIO: line 
numbering mode press the STOP key. Line numbers may also 
be entered manually. 

9. | DEbe< line#numben range> pee 0) 

This command deletes from the workspace those lines 
included in <line number range>. <line number range> may 
be: 

avo ca single line number, 


b.- line number> -, which is the range from <line 
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number> to the last line number, 
c. - <line number>, which is the range line 1 to <line 
number > , 
d. <beginning line number> - <ending line number>. 
The DEL command is the only way to delete lines. 
EDIT [<line number range>] or 
EDIT <procedure or function name> (p. 43) 
This command lists the entire workspace, the <line 
number range>, or the named procedure or function to the 
screen without ‘pretty print’ indentation of structures. 
LIST [<line number range>] or 
LIST <procedure or function name> (p. 107) 
This command is the same as the EDIT command except that 
lines are indented to show the program structure. To 
list a CASTLE lesson module, but not the CASTLE run-time 


routines, to the printer use: 


a. select [output] “Ip 
rue asia 2000) © 

When the listing is completed the system wil] 
automatically issue a select output "ds". 

RENUM [[<old beginning line number>;] <new beginning 
line number>] [,<line increment>] (p. 160) 

This command will renumber the lines from the <old 
beginning line number> to the end of the program 
starting with the <new beginning line number> and 


incremented by <line increment>. The default for <old 


beginning line number> is 1, for <new beginning line 
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number> is 10, and for <line increment> is 10. Since the 
‘castle’ statement should always be on line 2000 and the 
revised date/time on line 2070, the standard RENUM 
command for CASTLE authors would be RENUM 2000;2000. For 
renumbering lines greater that 2070 an example command 
might be RENUM 2210;3000,100. All lines from 2210 to the 
end of the workspace would be renumbered 3000, 3100, 
3200teetc) | 

GROOSEZE ip tak? GS: 
This command displays the size in bytes each of the 
program and the data, as well as the number of bytes 
still available in the workspace. 

The following COMAL commands should not be used by the 
CASTLE author because their functions have been replaced by 
CASTE Sroutenes RBASIC ;oCAiy CHAINTIBEEEREY LOAD, BNEW, PASS, 
SAVE peVER DR: 


Instruct ional Unit Development 

The instructional unit development sytem has three 
major parts: the UNIT file manager, the UNIT editor, and the 
UNIT tester. The CASTLE author enters the unit development 
system from the courseware development command routine by 
selecting the UNIT file manager. 

Each instructional unit is stored as two disk files. 
One file is a table of integers called the parse table. Each 
entry represents either an internal reference value, an 


operation code (opcode), an immediate integer value, a 
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pointer to another part of the parse table, or a pointer to 
a record in the other file. The second file, called the 
String table, is a random access file of string records with 
a maximum length of 78 characters. Each record holds text 
data or commands for the display sub- language interpreter, 
or numeric expressions in string form that are evaluated at 
run-time. The unit is executed by the CASTLE UNIT 
interpreter. It carries out the actions specified by the 
opcodes in the parse table. 
1. The UNIT File Manager: 
On entering the UNIT File Manager the author selects a 
unit directory for the course global units, a particular 
chapters tunits’, .or @iépartreulannmlesson: siunirts Sesentisit 
of the current units of the selected directory is 
displayed. The following menu items may then be 
selected: 
a. copy a unit - A unit from an external source may be 
copied’ to ithe *current unititdirectory. 
b. delete a unit - A unit may be deleted from the 
current unit directory and its disk files erased. 
Che editita unitee- olLhe UNIT chad iter mi scaled Shor 
selected unit. 
d. get a new unit directory - The author may select a 
different unit directory. 
ear thistory of? a unit'= Thetcdate/time cof tunttiereation, 
the date/time of the last unit update, and the unit 


header comment are displayed for a selected unit. 
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f. list unit names - The list of unit names in the 
current directory is displayed. 

g. quit - Control is returned to the courseware 
deve lopment command routine. 

h. rename a unit - The name of a unit may be changed. 

1. start a new unit - The author registers the name of 
ainew unit forsthds: divectoryradits diskrt4 lestare 
initialized, and a permanent header comment by the 
author is placed in the unit header record. 

fallitest a unit - The UNIT Tester is called: for a 
selected unit. 

Ehe -UNd T Gédi2or® 

The UNIT Editor utilizes the principles of incremental 

compilation. That is, a unit only exists as a set of 

internal codes in the parse table. At run-time these 

codes are decoded by the UNIT Interpreter which carries 

out the specified actions as an instructional 

interaction with a student. The UNIT Editor is used by 

the CASTLE author to create, examine, and modify these 

internal codes. However, the author is never aware of 

the actual codes but only of their meaning as given in 

the UNIT Language specification. 

The use of incremental compilation has two 
advantages. At run-time an interpreter can execute the 
parse codes in the parse table much faster than if it 
had to parse out the meaning from UNIT language source 


text. Secondly, the special editor helps the author 
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create and modify a unit by presenting option as 

selections from a menu and interrogating for specific 

parameters. At each step of the process the editor 
builds error-free code in the parse table. 

The UNIT Editor command level presents the author 
with some current statistics on the unit and a menu of 
options. The statistics are the amount of free space in 
the parse table and the number of records stil] 
available in the string table. The menu options are as 
follows: 

a. display statement editor - This selects a sub-editor 
for the DISPLAY statement. All sub-editors either 
interrogate the author for statement parameters or 
present options via menu selection. The <text> 
portion of the DISPLAY statement is edited by the 
CASTLE System Text Editor. This editor displays a 
window of up to 20 lines of the <text> and offers 
the following menu selected options: 

1) back - Move the display window back 15 lines. 

2)  €opyt -! Copy -aerange offilinesmandsinsermi them 
before a specified line. 

3) delete - Delete a range of lines. 

4) edit - Enter the screen edit mode. This mode 
allows the free movement of the cursor in the 
current display window and the changing, 
deletion, and insertion of characters on the 


display. The changes to a particular line are 
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recorded when the RETURN key is pressed while 
the cursor is anywhere on that line. To exit the 
screen edit mode the STOP key is pressed before 
pressing the RETURN key. The window is 
redisplayed to confirm the changes. 

first re Diep) ay tthe: farsi 20 lines of -<text>. 
insert - Insert lines of text before a specified 
line. Any number of lines may be inserted. To 
exit the insert mode enter a line containing 
only a period ((. ) in «the first character 
position. 

last - Display the last 20 lines of <text> 

move - Move a range of lines and insert them 
before a specified line. 

next - Move the display window forward 15 lines. 
QU ities? (x11 T) athes texteredicton. 

search - A search is initialized for a specified 
string wrthin the <text> hid sihexseanch is 
successful a window is displayed having as its 
first line the line containing the found string. 
The editor then enters the screen edit mode 
placing the cursor on the found string. On 
leaving screen edit mode the author may select 
to continue searching for the same string or 


exit to the text editor menu. 


It should be noted that all of <text> resides in 


records in the unit string table on disk. These 
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records are read, created, and updated directly on 
the disk by the text editor. Because of limited main 
memory on most microcomputers, keeping the string 
table on disk allows it to grow much larger than it 
could otherwise. This is especially important in CAI 
when text is used extensively. 

exit to unit file manager - Return control to the 
UNIT File Manager. 

list unit to screen - The parse table and string 
table are scanned by the editor to generate and 
display the unit's statements in human readable 
form. 

print unit on printer - This performs the same 
function as the previous item except that the 
listing is sent to the printer. 

quit -*Control is returned to the courseware 
development command routine. 

response statement editor - This selects a 
sub-editor for the RESPONSE statement. 

test thisvunit ~eTheouNhl: féesterris caliedGtorethis 
Cnet: 

Unitubody-editor - This selects a sub-editor for the 
statements in the unit body. The author is able to 
step forward and backward through the statements in 
the unit body. Only the statement type (EDIT, 
Categorization, Reprise, COMMENT, END OF UNIT) is 


displayed. At any step the author may select any of 
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the following options: 

1) back - Move back one statement. 

2) delete - Delete the current statement. 
3) end - Go to the END OF UNIT statement. 


4) first - Go to the first statement. 


5) insert - Insert a statement before the current 
statement. 
6)! (elist on List the current statementisintfulh. 


7) modify - This allows the author to make 
modifications to the current statement. 


8) next - Move forward one statement. 


(ce) 


bsquit - Exit) the unttibody editor: 
The <text> portion of any Reprise or COMMENT 
statements is created and modified by a call to the 


CASTLE System Text Editor. 


The UNIT Tester: 


This is a special CASTLE lesson module that allows an 


author to execute a single unit. Before and after each 


test run of a unit the author may examine or change the 


contents of system variables, counters, and registers. 


After each test run the following options are presented 


tormthe: author: 


dad. 


call unit file manager - Return control to the UNIT 


File Manager. 


eddt cthi’s! aun iat esetherUNieb Editor? ts <caithed fror this 


unatt:. 


quit - Control is returned to the courseware 
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deve lopment command routine. 


d. rerun this unit - Execute the unit again. 


Display and Window File Development 

A separate file manager is available for both Display 
and Window files. The options in these routines are 
principally the same as those in the UNIT File Manager. The 
editor called from the Display File Manager is the CASTLE 
System Text Editor. The Window File Editor allows the author 
to create a preformatted window, mark its boundaries, and 


record it, along with its parameters, to a window file. 


C. The CASTLE Courseware Presentation Subsystem 

Courseware is presented under two modes: controlled and 
‘ review. Under controlled mode the student follows a path 
through the course controlled completely by the decision 
algorithms defined by the author in the courseware. If 
review mode is permitted, the student may interrupt the 
normal actions of the system and request a transfer to a 
different place in the course. When the student leaves 
review mode a return is made to the beginning of the part of 
the lesson last in under controlled mode. 

The users of a course are either registered or 
non-registered students. Registered students are members of 
a class who utilize a special version of a course for that 
class. Restart records are kept for these students and 


performance records may also be made. If a course is 
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permitted for browsing then a non-registered student may 
sign on to that course. Review mode is automatically 
permitted to non-registered students, but since no restart 
records are kept, the student is returned to the beginning 
of a course if an exit is made from review mode. Performance 
records are not made for non-registered students. 
Restart records for registered students are kept under 
both controlled and review mode. If a student signs off a 
session while in review mode, this is noted in the student's 
record area. At the next sign on the review neeteet record 
is used to restart the course and the student remains in 
review mode. 
A restart record contains the current values of the 
following items: 
1. the internal chapter code 
2. the internal lesson code 
3. a table of the names of the last ten units called from 
the lesson 
4. an index to this table indicating the last unit loaded 
5. amatrix of values associated with the execution 
environment of these ten units. 
6. “-the¥system docatmnéegisters 
7.. theesytem. counters 
8. the system variables NEXT’ PART, PARES STINBR BASTOUNETS: 
RESPOND’ CHARS$, SEDIT$, and SPROMPT$ 
The sign on routine interrogates the student for the 


name of a course (for browsing) or the name of a class. If a 
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course name is given and that course exists and is permitted 
for browsing, the non-registered student is sent to the 
beginning of the course. 

If a class name is given the student is interrogated 
for a’sign onvID. If this 1D sexists 'then«the password ‘is 
requested. Up to three tries are permitted to type a correct 
ID and password. If not successful the student must restart 
the sign on procedure. After a successful sign on the 
student is placed at the beginning of the lesson part that 
was being executed at the last sign off, or at the beginning 
of thefcourse «if *thisisisthe ofiret .sigm oni. 

The student may interrupt course execution by pressing 
the STOP key. The interrupt request is serviced at the next 
response request or the next time the words "Press RETURN to 
continue" are displayed at the bottom of the screen. A list 
of prompt words, with their first letters in reverse video, 
is displayed at the bottom of the screen. The student may 
select an action by pressing the Key for one of the 
highlighted letters. To cancel the interrupt the student 
presses the RETURN key. The following is an explanation of 
the use of the possible prompts: 

1. ?help - An explanation of how to use selected prompts is 
given. 

2. calculator - This prompt is permitted at the author's 
discretion. The student may use the computer as a 
calculator by typing in algebraic expressions for 


evaluation. If the STOP Key was pressed during a 
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response request, the student may have a calculated 
result returned as an answer to the response request. 
exit’ review - This prompt is displayed only if the 
student is in review mode. If selected the student 
leaves review mode and is sent to the beginning of the 
lesson part that was being executed when review mode was 
entered. 

glossary - If permitted by the author, a course glossary 
look up routine is entered. 

hint - This may appear only when the interrupt is 
serviced at a response request. The author may create a 
‘hint’ unit, to be associated with any regular unit, to 
provide additional instruction to the student. 

message - The student may send a message to the 
instructor. 

pestbox 2fihis prompt is displayed only if a message 
exists for the student from the instructor. Once read, 
the message is erased from the student’s record area. 
quit - The student wishes to sign off. 

review - This prompt is displayed only if review mode is 
permitted. The student may request a transfer to a 
different part of the current lesson, a different lesson 


of the current chapter, or a different chapter. 
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D. The CASTLE Performance Analysis Subsystem 

An insturctor may request that performance records be 
Kept for the students. For each student a performance file 
is created. At the execution of a UNIT Reprise statement or 
an END OF UNIT statement a performance record is appended to 
the student’s performance file. The following items are 
included in a performance record: 
1. the system switch variables 
2. the system counters 
3. the following system variables: LATENCY, PART, 

LAST’ UNIT$, and RESPONSES 
4. the internal chapter code 
5. the internal lesson code 
No routines to access or analyze these performance records 
have been defined. Some possible routines may be seen in 


Honeywell (1981c). 
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VI. Implementation of the CASTLE System 
Factors that are generally considered critical in the 
implementation of a complex system on a microcomputer are 
internal (RAM) and external (disk) memory limitations and 
the execution time of system activities. To investigate the 
Suitability of the CASTLE design for use on a microcomputer 
system, a test implementation of a subset of the CASTLE 
language and Support System was carried out. The subset © 
represents those aspects of the CASTLE Language and 
Courseware Development and Presentation Subsystems necessary 
to demonstrate the creation and delivery of individual 
lessons. Using this implementation, measurements of memory 
utilization and execution speeds were made. From these 
measurements, memory and speed parameters for a full 


implementation of the CASTLE System were estimated. 


A. Hardware Selection 

The decision to use COMAL-80 as the system development 
banguage. for thegCASTEEssysitemy: tnecess ita tedethe |se fection 
of hardware that supports this language. In North America, 
COMAL is only available on microcomputers produced by 
Commodore Business Machines. CBM COMAL-80 Revision 0.12, 
operates on the PET 4032 and the CBM 8032 microcomputers. It 
only leaves 5590 bytes of memory free for programs and data. 
However, the CBM 8096 microcomputer runs the full extended 
version, CBM COMAL-80 Revision 01.02, providing a workspace 


of 38692 bytes. Thus, this version of COMAL and the CBM 8096 
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formed the basis of the development system. 

The CBM 8096 is controlled by a 6502A microprocessor 
and contains 98304 (96K) bytes of read/write (RAM) memory 
and 18432 (18K) bytes of read only (ROM) memory. 14K of this 
ROM is occupied by Commodore BASIC 4.0. The remaining 4K is 
the operating system which supports 1/0 to a CRT screen, a 
Keyboard, two tape drives, an IEEE-488 parallel 
communications bus, and a special user port. The ane oer 
system also has a built in machine language monitor. 

The CRT (display) screen and the keyboard are part of 
the main unit. Twenty-five lines of eighty characters in two 
predefined fonts can be displayed on the green phosphor CRT. 
Each character is defined in a rectangle of 8 by 8 pixels 
giving a screen resolution of 640 by 200 pixels. The screen 
lines may be displayed in an open format, the default, which 
provides two blank pixel rows between each line, or closed 
format, with no inter-line spacing. The default font 
containts upper and lower case letters, numerics, 28 
symbollls}2and? 38 graph iies* characters iihexa.|ternateuront 
replaces the lower case letters with 26 further graphics 
characters. A full business type Keyboard with a separate 
numeric keypad is provided. It has special function keys 
that provide for cursor movement, screen editing, program 
interruption, and the reverse video display of selected 
characters. 

The IEEE-488 bus is used to connect intelligent 


peripherals to the main unit. An intelligent peripheral has 
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its own CPU, operating system, and memory, and can function 
independent ly of the 8096. Two such peripherals are needed 
to round out the CASTLE hardware needs: a disk unit and a 
printer. A Commodore 4040 disk unit was used. It has two 
disk drives with a storage capacity of 174848 bytes 
(organized into 683 blocks of 256 bytes) per drive. There 
may be 144 directory entries per diskette. The 4040 
operating system (DOS 2.0) supports direct (random) access 
files which are required for the UNIT string files. Access 
to records in these random files is very fast. A maximum of 
two disk reads are required to retrieve any record. 

A commodore 4022 printer was used as the printing 
device. It can print up to 80 characters per line with 
variable lines per page at different line spacing. All 
characters that can be displayed on the CRT can be printed 
including reverse video (white characters on a black 
background). The printer can be set in page mode so that 
after 60 lines are printed an automatic form feed is 
performed before the next line is printed. With the printer, 
hard copy listings of lesson modules and instructional units 


are easily obtained as are reports generated from student 


sessions. 


B. The CASTLE Test Implementation 
Since the Registration Subsystem is not part of the 
test implementation, the COMAL disk catalogue system is used 


to register lesson modules. All lesson and unit names are 
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global and the use of the identifier prefixes ‘8’, '#', '%' 

is not supported. Display and window files and global 

registers are not reniemcntces 
All CASTLE statements, variables and functions are 
implemented with the exception of the following: 

1. statements'- CHECKPOINT, aDELTADTIME, *LESSON’ peLESSONDX, 
LESSON® COMPLETED 
Note: To call another lesson from within a CASTLE lesson 
module, CHAIN "<lesson name>" should be used. 

a. variables’ = NEXT LESSONS /@PRIVATES, aSHAREDS OSIDSS 
STUDENTS, TIMEO$ 

3. functions - the graphic functions, including UGFn 

The unit interpreter is completely implemented. Currently 

only AS-IS mode is supported by the display sub- language 

interpreter. 
The following system programs were developed as part of 
the CASTLE test implementation: 

1)» (BOOT GCOMALLEMTHTs-t¥sethentitest file on the CASTLE system 
disk. The system disk always resides in drive 0 of the 
disk unit while a data disk containing all lesson and 
unit files is in drive 1. By pressing and releasing the 
RUN key while holding down a SHIFT key, the BOOT COMAL 
program is loaded and executed. It sets the printer to 
upper and lower case printing and turns on page mode. It 
ae loads the COMAL system from the disk in drive 0 and 
imitiabizes: THs 
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program. It is loaded and executed by the operator 

issuing the command CHAIN "CASTLE". The operator is 

queried for the current time and date, then presented 
with the following options: 

a. exit to COMAL - to develop or execute a lesson. A 
student may execute a lesson by typing the command 
CHAIN “<lesson name>". 

b. call CASTLE unit development system - The UNIT File 
Manager is loaded and executed. 

LESSON - To start a new lesson, an author LOADs this 

file. This is a lesson module which contains the CASTLE 

run-time routines, internal documentation statements, 
and the skeleton of the lesson entry procedure. The 

CASTLE command SAVE’ LESSON is not implemented. An author 

must use the COMAL command SAVE "@1:<lesson name>" to 

save or resave a lesson module. To retrive a previously 

SAVEd lesson module for further development the author 

would use LOAD "<lesson name>". 

CAL - This is the UNIT File Manager. It is called by 

CASTLE, or an author may invoke it by issuing the COMAL 

command CHAIN "CAL". The only UNIT directory supported 

Epon. Global un ies x 

UNIT EDITOR - This is the incremental compilation editor 

for the UNIT Language. It also contains the CASTLE 

System Text Editor. 

UNIT) TESTER =Shis as) a ‘speciali<CASTLE® Tesson for 


testing a single specified unit. The unit name is 
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selected in and the UNIT TESTER called from either the 
UNIT File Manager (CAL) or the UNIT EDITOR. 
The last three files are implemented as described in Chapter 
V, Section B. However, the QUIT option in all three programs 


causes an exit to the COMAL command level. 


C. The UNIT Tables and Codes 

As was described in Chapter V, Section B the CASTLE 
UNIT exists only as internal integer codes in the unit parse 
table with text, display sub-language commands, and numeric 
expressions kept in the unit string table. 

The string table always resides on disk as a random 
access file. It is modified directly on the disk by the UNIT 
Editor and the CASTLE System Text Editor. Its records are 
directly accessed by the UNIT Interpreter and the Display 
Sub- language Interpreter. In this implementation the maximum 
number of string table records is 3000. During editing a 
forward pointer, a backward pointer and a parse table 
reference pointer are kept in memory for each string table 
record. The size of this pointer table is held to 3000 
records because of internal memory limitations. When records 
are added, inserted or deleted, these pointers are updated. 
At the conclusion of an editing session, the string table is 
re-assembled on disk from the information in the interna] 
pointer table. The first record always contains the unit’s 
creation date/time, its last revision date/time, and a 


permanent 30 character header comment. 
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The parse table is stored on disk and Kept in RAM 
memory as an integer vector with a maximum length of 1000. 
The length of 1000 was arbitrarily chosen in an attempt to 
provide adequate storage for the code of even a fairly large 
unit while still conserving as much memory as possible. Both 
the editing and execution of the parse table is carried out 
in main memory. COMAL provides for the transfer of entire 
arrays, which includes vectors, between internal RAM and 
disk which is very fast and straight forward. 

The parse table is divided into a fixed part of 34 
integers and a variable part of one or more integers. The 
fixed part contains counters of the number of integers in 
the parse table and the number of records in the string 
table, offsets to the code in the parse table of the first 
Reprise RENTRY statement and the last Reprise statement in 
each category, and the parameters for the DISPLAY and 
RESPONSE statements. The variable part contains the code for 


all the statements in the unit body. 


D. The Implementation Parameters 

Listed below are the CASTLE system programs developed 
for this implementation. After each, the following is given: 
the disk storage space the program uses in blocks, the 
amount of memory the program requires (in bytes) for its own 
storage and for its data structures, the amount of memory 


storage remaining, and the time in seconds taken to load the 


program from disk. 
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1. BOOT COMAL - 1 block, the remaining parameters are not 
applicable 

2. COMAL-INTERPRETER - 217 blocks, 54528 program bytes, 
9084 data bytes, 38692 bytes free, 33.0 seconds. 

3. CASTLE - 5 blocks, 1008 program bytes, 148 data bytes 
37536 bytes free, 3.2 seconds. 

4) LESSON» 66 blocks;44156 program bytes;° 9176 data 
bytes, 15360 bytes free, 14.0 seconds. 

5. CAL - 23 blocks, 4947 program bytes, 5004 data bytes, 
28741 bytes free, 10.3 seconds. 

oe UNIASEDI TOR, -* fife bieckssesi (48 programibytes , thd ues data 
bytes, 4198 bytes free, 21.2 seconds. 

fe CN TethE SHER =i #0}.bA ockss tah o2asprogramebytes, 9278 data 
bytes, 14204 bytes free, 15.9 seconds. 

The time to load LESSON is the minimum load time for any 

lesson module. Since an author is free to add many other 

procedures and functions to the basic LESSON, lesson modules 

will vary in length and additional load time. The time to 

load’ each» add rthonatled024 bytes is 120 seconds. 

During student execution of a CASTLE lesson the 

following timings are also critical: 

1s, the ‘initialization of theslesson = in.) °seconds: on 
average 

o- the. initial ization of -alcunt Getrom-thesamoment sitais 
called until the first DISPLAY <text> appears on the 
screen - 2.5 seconds on average 


3. the answer analysis response time from the moment the 
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student enters an answer by pressing the RETURN key 
until the Reprise <text> appears on the screen - from 
2.1 seconds for simple response analyses to 7.7 seconds 
for the more complex response analyses. 

In a full implementation of the CASTLE system there 
would, of course, be additional system programs for the 
Registration and Performance Analysis Subsystems. The CAL 
(UNIT File Manager) program would be expanded so that it 
could reference other UNIT directories. There should be no 
memory limitations for these system extensions. 

Further run-time routines would be added to the LESSON 
program for accessing student, class and course records, and 
to complete the Display Sub-language Interpreter. 
Approximately 2000 bytes of additional program code would be 
needed. ‘This would reduce the memory available to authors 
for lesson module procedures and functions. Accessing 
registration records at lesson initialization would probably 
add 3.0 seconds to this operation. Other timings should not 


be critically affected. 
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VII. Conclusion 


A. Evaluation 

In Chapter III, Section A some requirements for a CAI 
system and courseware development were specified. One 
criterion was to provide for the separation of instructional 
strategy from subject content. The CASTLE system makes this 
provision. 

The general instructional strategy is contee nied by the 
CASTLE procedure language in the lesson modules. Specific 
control of an instructional interaction is through the order 
of statements in the UNIT Body. Subject content is presented 
via the UNIT DISPLAY and Reprise statements and Display and 
Window Files. Other content data, such as target parameters 
for comparison functions and variables for the Display 
Sub- language could be assembled in shared data files and 
read into buffers at run-time. 

A second criterion was to provide for the needs of the 
courseware designer. Listed below are the needs that were 
mentioned in Chapter III and how they are met by the CASTLE 
system: 

1.  Gasy control’of branching sanctre turn ste. gesgoing tora 
glossary or ashe lpesequencetat the student's request. If 
permitted by the author the student can interrupt the 
lesson by pressing the STOP Key and select to view a 


course«glossary or*a special ““hint’ “sequence. The screen 
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content is automatically saved before branching and 

restored on return and the student continues from the 

point at which the STOP key interrupt was serviced. 

score Keeping and internal monitoring. The CASTLE 

language provides system counters and switches for the 

CASTLE categories F(0) to F(9), RIGHT, WRONG, OTIME and 

UNREC, and variables which return the number of 

responses made, the response LATENCY, the unedited and 

edited response and the sign-on time. The author has 

access to the current lesson part number and may 

dynamically set the next part number and the next lesson 

name. | 

monitoring of student progress. The following 

information in each student’s record area would assist 

with this monitoring: 

a. the current presentation mode, controlled or review 

b. the lesson completion map 

c. the current chapter for each mode 

d. the current lesson for each mode 

e. the current part for each mode 

f. the date/time the course was started 

g. other accounting information, i.e. number of 
sessions, sign-on date/time of last session, total 
time of last session, total accumulated session 
time, could be added. 

A fully developed Performance Analysis Subsystem would 


add a great deal to the monitoring of student progress. 
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access to numerical calculating power. By using the STOP 
key interrupt and selecting calculator mode, the student 
may perform arithmetic calculations and return an answer 
to the system. An extended calculator could give access 
to system functions and variables. 

Flexible input. The author may define which keyboard 
characters will be recognized during a student's 
response. A default response time limit may be set as 
well as a specific time limit for each response. The 
number of response characters may also be limited. While 
typing in a response the student may insert or delete 
characters from the response before submitting it for 
analysis. 

good answer analysis. Three of the six NATAL comparison 
functions are provided: compare character (CC), compare 
keyletter (CK), and compare numeric (CN). These, plus up 
to 10 user defined comparison functions, may be combined 
in a boolean expression of any complexity as part of the 
UNIT Categorization statement. 

easy creation of graphics and animation. This criterion 
is not met in the current CASTLE design. 

easy procedures to review and test courseware. Listings 
of individual lesson modules and instructional units are 
easily obtained from the system and may be used to 
review a course. Listings of the default ehaomedechder 
or the default lesson order may be retrieved from the 


Registration Subsystem. Lesson modules are created in an 
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interactive environment and may be tested without 
entering a course as a student. A special UNIT Tester is 
available for testing individual units. 

9. tailoring courseware to individual student needs, e.g. 
use of external parameters to adjust pathway through a 
course. Each instructor may specify the chapter order 
for each class and may even specify it separately for 
each student. Within a lesson the author may dynamically 
set the number of the next part as well as dynamically 
select the next lesson. 

The last criterion is that the system should be "user 
friendly" and expandable. Lesson modules are developed under 
the COMAL command interactive environment. This provides for 
automatic line number generation, full screen editing, 
syntax checking on input, verbose meaningful error messages, 
the listing of procedures and functions by name, multi-line 
deletion, and immediate execution. Units are developed by 
incremental compilation techniques with options presented 
via menu selection and interrogation for individual 
parameters. The system text editor provides a simple set of 
powerful commands via menu selection and full screen editing 
of text. The technique of presenting options via menu 
selection and interrogating for parameters is carried 
through all system support routines. 

A rich variety of intrinsic functions is provided: 
twenty COMAL and four CASTLE general functions, three 


comparison functions, eight edit functions, and nine graphic 
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Functions. The experienced designer or researcher may extend 
the language with user defined general, comparison, edit, 
and graphic functions. 

The use of COMAL as a system development language 
proved most successful. System programs, procedures and 
functions were easily developed and debugged using standard 
top-down design with step-wise refinement. Though the system 
lacKs a trace feature, this did not retard development work 
since each procedure and function developed was relatively 
small and could be tested as soon as it was coded. The COMAL 
feature of storing sub-program modules on disk to be later 
appended to other programs in memory independent of original 
line numbering proved most useful. 

The COMAL editor lacked two features that would have 
been helpful: the ability to list just the header statements 
of all procedures and functions in the workspace and the 
ability to scan the workspace for a specified string with 
the fopit ion®ofxchanging: bt) Tomanother (speci fred) string. 

The development of the CASTLE system in the COMAL 
environment seemed much easier than the author’s experience 


of writing a compiler in Pascal. 


B. Recommendat ions 

The test implementation has demonstrated the viability 
of the CASTLE design for use on microcomputer systems. Two 
possible research and development paths, to run in parallel, 


might be defined. The first would examine the use of the 
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system by both experienced and inexperienced authors. The 

results would be used to define modifications for the 

enhancement of the system. This research path would also 
examine the use of the system by instructors and students. 
The second path might define further extensions and 

developments for the system. The following outlines a 

proposed program: 

1. The test implementation would be extended to include all 
of the current design. 

2. The design of the CASTLE Performance Analysis Subsystem 
would be completed and implemented. 

3. The remaining NATAL comparison functions, compare 
algebraic (CA), compare phonetic (CP), and compare 
graphic (CG) would be implemented. 

4. The system could be extended to a multi-user 
environment, through a local network and shared 1/0 
devices. 

The new Commodore 64 is an inexpensive and popular 
microcomputer that is likely to be found in an increasing 
number of schools. Jt supports 16 colour. text and graphics, 
a three voice music synthesizer, user defined character 
fonts, joysticks, paddles, “and a light’ pen: Avcartridge 
containing CBM COMAL-80 Revision 2.0 will soon be available 
for this microcomputer. This version of COMAL will include 
commands that emulate LOGO graphics. Packages, which allow 
for the grouping of procedures, functions, and data 


structures into special disk files which can be dynamically 
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invoKed from running programs or other packages, are also 
supported. This would be an ideal environment for the future 


development of the CASTLE System. 
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Appendix - Glossary 


The following items were selected from the glossary in 
Godfrey and Sterling (1982, pp. 271-279). 


access: The ability to obtain information from, or place 
information into storage. 


algorithm: An orderly procedure (akin to a recipe) for 
obtaining a particular result or solving a problem. 
Algorithms are often expressed in mathematical terms. 


alphanumeric: Alphabetic and numeric characters. 


BASIC: (Beginner’s All-purpose Symbolic Instruction Code): A 
compiler or interpreter language that is easy to learn. 
Used with most time-sharing and minicomputer systems. 
Oriented toward beginners rather than experienced 
programmers. Numerous incompatible versions exist, often 
called dialects: CBASIC,MBASIC,XYBASIC. 


bootstrap: A short loader program that loads a more 
sophisticated loader into memory. That loader, in turn, 
loads the desired program. The term bootstrap arises 
from the idea that the computer is picking itself up by 
its bootstraps. In other words, it progresses from the 
bootstrap to the loader to the main program itself. 


buffer: Memory area in a computer or peripheral used for 
temporary storage of information that has just been 
received. The information is held in the buffer until 
the computer or device is ready to processwit. Hence;<a 
computer or device with memory designated as a buffer 
area can process one set of data while more sets are 
arriving. 


bug: A programming*error. Also refers to the cause of any 
hardware or software malfunction. 


byte: In data processing, a sequence of adjacent binary 
digits (usually eight) operated on as a word, but 
usually shorter than a word. The value of the bits can 
be varied to form as many as 2(8) or 256 permutations. 
So, one byte of memory can represent an integer from 0 
tow255\tor Tirom ai27'Sto iplusai2en 


character set: The repertoire of characters that an output 
device icamdiispilay corm rinse: : 


command: A request to the computer that is executed as soon 
as it has been received. Sometimes this word is used 
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inter-changeably with the terms "instruction" and 
"statement". Those terms properly refer to portions of 
programs and not to commands, which are carried out 
immediately. 


CPU (Central Processing Unit): The primary component of all 
computer systems. It is responsible for controlling 
system operation as directed by the program it is 
executing. 


CRT (Cathode Ray Tube) terminal: A type of communications 
terminal that displays its output on a television-like 
screen. Synonym of a video terminal. 


cursor: A symbol on the display of a video terminal that . 
indicates where the next character is to be located. 


disc: A circular piece of material which has a magnetic 
coating similar to that found on ordinary recording 
tape. Digital information can be stored magnetically on 
a disc much as musical information is stored on a 
magnetic tape. This term is often (and confusingly) used 
also to refer to a disc drive. 


disc drive: A peripheral which can store information on and 
retrieve information from a disc. A floppy disc drive 
can store information from a floppy disc and can 
retrieve that information. 


diskette: A small floppy disc in a square plastic envelope 
commonly either about 13 or 20 cmon a side. See F loppy 
arsce 


disc storage: A type of mass memory in which information is 
stored on a magnetically sensitive rotating disc. Disc 
drives are generally both faster and more expensive than 
paper tape or magnetic tape devices. 


editor: A program that facilitates the editing of textual 
material or computer software. 


execute: To perform a computer instruction or run a program. 

file: A group of related information records that are 
treated as a unit. The records may consist of data or 
program instructions. 


firmware: Software stored in read-only memory. Also a 
synonym for microcode. 


flag: A bit whose state signifies whether a certain 
condition has occurred. 


Floppy disc: A slow-speed inexpensive type of memory storage 
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thet uses flexible, or “floppy, *-discs* (or diskettes) , 
made of a material similar to magnetic tape, as opposed 
to "hard" discs made from rigid materials. It is a 
convenient method for the "bulk storage" of data, but 
slower than main computer memory (by 10,000 times) since 
data is stored in serial form. 


hard copy: Information printed on paper or other durable 
surface. This term is used to distinguish printed 
information from the temporary image presented on the 
computer’s CRT screen. 


hard disc: Disc storage that uses rigid discs rather than 
flexible discs as the storage medium. Hard-disc devices 
can generally store more information and access it 
faster. Cost considerations, however, currently restrict 
their usage to medium and large-scale applications. 
Smaller, cheaper units are now coming to market. 


hardware: A popular expression used to distinguish the 
physical parts making up any electronic equipment from 
the software. 


high-level language: Computer language that allows the 
programmer to write programs using verbs, symbols and 
commands rather than machine code. Some common 
high-level languages are: ALGOL, APL, BASIC, COBOL, 
FORTRAN, NATAL, PL/1, PL/M and SNOBOL. 


initialize: To set up the starting conditions necessary for 
the execution of the remainder of a program. For 
example, in a program that draws a circle, the 
initialization might include specifying the radius of 
the circle. To prepare a diskette so that the computer 
cam later store data on it. 


interactive: Said of a computer system which responds to the 
user quickly - usually less than a second for a typical 
action. All personal computer systems are interactive. 


I/O (input and/or output): A keyboard, a floppy disc and a 
printer are all 1/0 devices. 


keyword or key word: A word that has meaning in a computer 
language. See Reserved word. 


label: A name comprised of letters, numbers or symbols used 
to identify a statement or instruction or segment in a 
program. 


language: A set of conventions specifying how to tell a 
computer what to do. 


loop: A program segment that is executed several times in a 
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row. 
menu: A list of options from which to choose. 
microcomputer: A computer based on a microprocessor. 


microprocessor: A one-chip Central Processing Unit developed 
in 1971. An integrated circuit that performs the task of 
executing mnstructions:. 


OS (Operating System): A collection of programs to aid a 
person in controlling a computer. This term is usually 
used in reference to large computers. A small computer 
operating system is often called a monitor. 


program: A sequence of instructions that permit a computer 
to perform a task. A program must be in a language that 
the computer can understand. 


programmable memory: Content changeable memory, as opposed 
to read-only memory (the contents of which are fixed 
during manufacture). Programmable memory can be both 
read from and written into by the processor, and is 
where most program and data are stored. Sometimes called 
RAM, but this is a slight misnomer. 


prompt: A symbol that appears on your computer’s display to 
let you Know that it is ready to pay attention to your 
commands. 


RAM (Random-Access Memory): The main memory of any computer. 
Information and programs are stored in RAM, and they may 
be retrieved or changed by a program. For some 
computers, the information in RAM is lost whenever the 
power is turned off. 


reserved word: A word that you cannot use as a variable 
name, since it has been pre-empted for use in the 
computer’s language. You also may be restricted from 
using reserved words in other ways as well. Key words 
are often reserved words. See Key word. 


response time: The amount of time required for a computer to 
respond to an input from one of its terminals. 


ROM (Read-Only Memory): Memory in which the information is 
stored once, usually by the manufacturer, and cannot be 
changed. Programs such as BASIC interpreter (used by 
most owners of personal computers) are often stored in 


ROM. 


run time: The time at which the program is executed. Also, 
the amount of time required to execute the program. 
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save: To store a program anywhere other than in the 
computer’s memory, for example on a diskette or cassette 
tape. 


software: A general term for all programs and routines used 
to implement and extend the capabilities of the 
computer: e.g. assemblers, compilers and subroutines. 
"Software" sometimes means data as well as programs. 


structured programming: An attempt has been made to 
formalize the elements of good programming. These 
practices have influenced the development of structured 
languages like Pascal which stress modularity, clear 
pathways and simplicity. 


system program: A program that does not perform actual 
problem solving but rather is used to control system 
operations or act as a programming aid. 


terminal: A device for communication with a computer. A 
typical terminal consists of a key-board and a printer 
or video display. 


utility: A frequently used program or subroutine. Utility 
routines are most often associated with systems programs 
rather than applications programs. 


window: A portion of the computer’s display that is 
dedicated to some special purpose. 
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